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NOTATION

Linear damping factor in ¢X in Equation (1]
Fourier cosine transform value at w

Fourier sine transform value at »
Frequency in cycles per second

An increment of time

Mass

Damped natural frequency of linear system
First forward difference at n

Second forward difference at n

Time in seconds

.Relative displacement (Y-Z) or response displacement

Pseudo-response velocity
Pseudo-response acceleration

Absolute displacement of the linear oscillator from its
equilibrium position

Displacement of foundation from its equilibrium position
Ratio of damping to critical linear damping or damping coefficient

Undamped natural frequency of linear system in radians per second

- iv



ABSTRACT

This paper describes a computer program and a mathematical model
(developed by G.J. O’Hara of the Naval Research Laboratory) for computing
shock and residual shock spectra of linear elastic structures responding to
transient forces and foundation motions. A wide range of output options,
from tabulated results to a four-coordinate log-log grid, is possible.
Included in the mathematical analysis of the shock spectra is a refinement
in determining maximum responses, suggested by O’Hara, resulting in a
more accurate shock spectrum. The program is written in FORTRAN IV
for the IBM 7090 and includes plotting subroutines for the General
Dynamics S-C 4020 printer-plotter. The program is also coded without the
S-C 4020 subroutines.

ADMINISTRATIVE INFORMATION

The Naval Ship Systems Command (formerly Bureau of Ships) authorized and sponsored
this work by Bureau of Ships letter 10460 Serial 732-7 of 5 Feb 1965.

INTRODUCTION

The Naval Ship Systems Command requested the Applied Mathematics Laboratory of
the David Taylor Model Basin to develop a series of programs widely applicable in scope for
static and dynamic structural analysis. The code presented is a computerization of O'Hara’s!
techniques for shock analysis. The program generates various forms of shock and residual
shock spectra for the response of a structure to a transient force or foundation motion when
the mathematical model used for the structure is a single-degree-of-freedom linear oscillator.
The spectra are used to find the displacement of a structure caused by an arbitrarily pre-
scribed transient motion to its base, such as response of buried structures to an underground
blast or response of structures within & vehicle during ballistic impact. In addition, if the
input shock function to the program is an acceleration, the residual shock spectrum that is
generated is also the Fourier spectrum of the system.

The program is written in FORTRAN IV and is executed on an IBM 7090 using the
IBSYS, Version 13, Monitor System in conjunction with a Stromberg-Carlson 4020 printer-
plotter. In the appendix, coding is furnished without reference to the plotter, thus making
the program more adaptable to other FORTRAN IV compilers.

lRefo.mmcel are listed on page 117,



MATHEMATICAL ANALYSIS

The mathematical model for shock analysis here is the simple linear oscillator. The

general differential equation for the motion in Figure 1 is

MY + CX + KX = F(9) (1]
where X is the relative displacement Y-Z, cX is the damping term, and KX is the restoring

force, based on Hooke’s law. Now using standard notation, where C is less than the critical

;

LS

Figure 1 — Linear Oscillator

damping factor, we let

K c
0= —, a= — , andp=0yl-a?
M Mo

W

Substituting this into Equation [1], we obtain the following equation

e [ ] L) Ft
Y+2 awY + 0?Y =2 awZ + 0?2+ —;-’-2 (2]

There are two types of motion that are of interest that result from, either no applied force,
i.e., F(¢) =0 and foundation motion, or no foundation motion, i.e., Z = 0 and an applied
force. The remainder of this section will mainly describe the first case, where F(?) = 0.
The latter case, where Z =0, will be dealt with only at the end. The word shock will be
used interchangeably with the term input function, namely, Z, Z, or F(?). When F(2) =0,
Equation [2] becomes



¥+2a 0f + 0?Y =2a wZ.+mZZ,

orsince Y - Z = X,

X+200X+0?X=-2 (3]
Using Laplace transforms, we find the solution to Equation [3] to be

e~ %%t sin pt

X(t):X(O)e'““”(cospt+ o sinpt)+x'(0)

l-a
L
- - Jl Z(T) e-aelt-Tlgy p(t-TdT (4]
?
0

whereas the derivative of Equation [4] is

X(t) = e~ @2t X(0) [-aw (cos Pt + J_g'—z sin pt)-psin pt
l-a

t XO - gwt
+pacosp ]+ (e (-a o sin pt + p cos pt)

‘/1-a2 4

£

+ ;1’— J. Z(T)e'““’["”[amsinp(t—T)-pcosp(t-T)]dT
0

(5]

Equation [4] gives the relative response displacement of the mass to the shock Z(¢) in terms
of given initial displacements and velocities. The solution of the differential equation is not
useful yet, for the integral must be evaluated. Now, if the solution were known at ¢ =¢,,

the values of relative displacement (X) and relative velocity (X) could be considered fnitial
values at ¢, for the solution at ¢, + A¢, using Equations [4] and [5] again. A convenient
procedure followed in the numerical solution of the differential equation consists of sub-
dividing the time record into equal increments, each of duration A ¢ = A seconds, so the
method of evaluating X (¢) at each point will require the same equations. Of course, the
values of X and X at the beginning of the time record must be given to use this procedure
for solving the differential equation, and also the input function Z must be digitized into
equal increments. A parabolic approximation for Z (¢) between 0 and A is substituted in



Equations [4] and [5), then the integrals are evaluated. In addition, the approximation for
Z (¢) at any point in the time record will go through its preceding point as well as its succes-
sive point. If the time is subdivided into enough intervals, &, no sudden peaks of Z should
be missed by the approximating parabola for Z.

A useful change in notation follows: X(ih) = X, E(ih) = ".Z.i, where Zl is the (¢ + 1) tA
point in the time record, i =0, 1,2, 3, ... , k, and k£ + 1 is the number of points in the time
record.

The parabola passing through 2,. -1 Z Z, , . yields the equation

n?

-22 +.Z. _1) (2 1-2 _1) )
n n t2+ n+ n t+z [6]

2;{2 2h &

¥/

(X3 n+1
Z() =

for (n - 1) A <S¢ <(n + 1) h. A few notational changes will simplify Equation [6]: let

X} " [1]

‘Sn=zn+l-zn and Snz-l =‘sn-sn—l ==‘Z.n+l "2Zn+zn-l

so Equation [6] becomes

- . S,t 82 o2
Z()=2 + — (—-- 7
O =2p+ 5=+ 35 2 h fr)

Now, using Equation [7] in the integral in place of Z (¢) in Equation [4], integrating by parts
from O to A, and finally substituting A for ¢ in the other terms of Equation (4] lead to the final
equation for the response at each point in the time record:

an+l=ane'°"‘"'<cos ph+ & — sin pb)
1-a?
. -awh _: A 2
+X, e [l-e“"‘”’(cos ph + —2—— sin ph)]
1-a? @ 1-a?

S _ s
- = [1- 2_0 (1-e'°“”'cos ph) - (1‘2“2)8 aoh gin Ph]
w0 wh

ph



2
8 4 l- ii_ [2 (1-4a?) _ 2a ] (1-e‘°“’kcospk)

20 wh w? B2 wh
1-2a? (3 -4a?)] e~ 2@k gin ph
+[——— +2a (8]
wh w2 A2 \/1__0,?

and using the same method in developing Equation [8] transforms Equation [5] into

-—aoh _: h .
e sin p +Xne'°""h (cospk-

sin pk)
1-a2

Z, ¢-awhginpp S, [1 g~ awh

— - ———— (cos ph + —=2— sin k)]
wh wh ( e /1-62 4

2
Sn-—l 2 ( 1 fa
— +
oh wh m2’,2

) (1-e~ 99k co5 ph)
@

2(1-2a? - e~ @0h gin pi 9]
[ w2 A2 wh] e

The response X is scaled by » in Equation [8], because X is a meaningful quantity, as
will be explained later. Consider a time record of Z versus time; the initial values must be
given before Equations [8] and [9] can be used, i.e., X(¢,) and )Z(to) must be known. Also,
8, t‘?.r b=ty + h"is Z(ty+h) -Z(¢,), and Sn2-1 where n = 1, becomes Z (24 + ty)
-2Z(h+ty) + Z(t,).

Of more interest to the engineer is not the response (X) at each point in the time
record for a particular frequency, but the maximum or minimum response for each frequency
over a given range of frequencies. Essentially, for the given range of frequencies one
obtains the maximum response as a function of frequency. The maximum and minimum
response (X ) for each frequency is selected from the values of X w for the complete time
record. The refinement of the maximum and minimum (a more accurate estimate) is achieved

by first noting that the product of X the derivative of the chosen X, and X

max? max - A’

the derivative of X is positive if X_, reaches its true maximum between Xnay 8nd

max = h?

X ax 4+ 80d is negative if the true maximum occurs between X, . and X _,; this is

illustrated by the two possibilities that follow



Here, let X . = X(nh), X . 44

=X((n+1)h), and X_, _; = X((n - 1)A)

Possibility 1

)'(((n ~-1)A) - X (nh) is negative, so true maximum occurs between X .. _; and X_

X (RESPONSE)

TRUE MAX CHOSEN MAX; X (nh)

{r~1)h  ah (n+1)h
TIME

Possibility 2

X’((n -1)A) - )?(n h) is positive, so true maximum occurs between X ___ and A . .,

X (RESPONSE)

CHOSEN MAX TRUE MAX; X (nh)

(n=1)h nh n+Dh
TIME



Equation [8] is used after it is determined whether the true maximum or minimum is
within the range of X _,, X ot X _ . X .x+
0.24, and the largest X  in the subinterval is taken as the more accurate (refined) maximum.
The method for computing the refined minimum value of X » is the same. The calculation
for X w at a given frequency is stopped at a time which corresponds to the start of residual

time (when the shock or impulse ceases), which is usually determined by the exnerimenter

p» X o is then evaluated at intervals of

from examining the plot of the input function Z (%).
Some definitions of variables appearing in the mathematical analysis are in order at
this point.
X  =response displacement
X w = pseudo-response velocity
X w2 = pseudo-response acceleration
X =true response velocity

\/(X w)2 +X?2 = residual response (in velocity units) at the end of the
time record, i.e., at the beginning of residual time. The residual response is computed only
when there is no damping.

The shock spectrum is usually the plot of maximum !Xw| versus f, where fis 2 7w, and
the residual shock spectrum is a plot of \/(X w)? + X? versus f.

When o = 0, equations for X w and X as already presented become meaningless, even
though X at w = 0 has physical meaning. New equations are derived from [8] and [9] by
using L'Hospital’s rule. In Equations [8] and [9] w is set equal to zero, and when an inde-
terminant form is encountered, L’Hospital’s rule is used; therefore, yielding

Xn+1=Xn+th-—2-- 5 Y kT 8:_4 (10]
. st h Snz—lh
Xov1=-2,h=-8, =+ T [11]

It is observed that damping does not play any role in the foregoing equations.

An added feature of the residual shock spectrum solution is that, if the input shock
function is an acceleration (2), then the Fourier spectrum is identical to the residual shock
spectrum. The Fourier spectrum magnitude at  is defined as (Ff + Fsz) /2 where it is found
that

Fc-=-Xmsin wt-A"cos wl



and

F, = Xw cos mt—)&sin wt

By substitution, (F,2 + Fsz) 172 pecomes [(X w)? + )22]1/2, which is the residual shock spec-
trum magnitude for w. The Fourier spectrum is not necessarily equivalent to the residual
shock spectrum when the input shock spectrum is Z. A thorough discussion of Fourier spec-
tra can be found in Reference 1. The author is presently finishing a program dealing with
Fourier spectra such as computing the Fourier spectrum magnitude, the phase angle, the
Fourier cosine transform, and the Fourier sine transform, so a detailed description of Fourier
spectra will be contained in a subsequent report from the Applied Mathematics Laboratory at
the David Taylor Model Basin.

Until now the input shock function was assumed to be Z (foundation acceleration), so
the necessary equations for an input function which is the foundation velocity (Z) will now
be considered.

‘Sn=zn+l-zn
Sn2-l=‘sn_‘sn-l=Zn+1-2zn+zn-l
52 2
’ . 4 n-1 t 4
Z2() =2 +8 — (_ A
() n ¥ 9, A + 2 h2 3 [12]
where Z is replaced by Z.
Xne‘amhsin ph
Xn+1m=Xnme‘°“”'(cosph+ = sinph)+
l-a 1-a?
S, h a
- ——|1-e¢"0C0 (cos A i h)]
- [ ph + — sin p
S2
n=1 1 2a 1
e s -a(l)h (__ _) k
wh ‘2 wh E [2 * A SOOR

- 2 in
-(_1 wi" " 92'.)_;;%]] [13]



E in ph '
Xn+l=-Xnme“’“"' =i B +Xne‘°"‘”' (cos ph - —2=— sin ph)
1-a? l<a

2
S e=29h gin ph Sn—l[ 1 g-awh [cosph

T @k —w—h- wh

wh \/1—-_0_2 wh

D 2]

Equation [13] is obtained from Equation [4] by first integrating by parts, secondly, substituting
[12] for 2(t) in the new integral, integrating again by parts, and finally substituting A for ¢

in the other terms of Equation [4]. Equation [14] is obtained in a similar manner, using
Equation [5] in place of Equation [4]. When  equals 0,

) S,h 82k
Xo1=X,+X h- ol + T
and
Xn+l =Xn-sn

The rest of the calculations using Z are the same as those using Z, except that for
the Z input, the residual shock spectrum is not necessarily identical to the Fourier spectrum.

Finally, to solve a probiem where there is no foundation motion but an applied force
F (t), we must solve the differential equation.

X+2awi+mzx=¥ (15]

Equations [15] and (3] are the same except for their right-hand members, so if the input func-

e F t
tion is an applied force, viz., F (¢), then, since Z(¢) = - —;—)- » all of the F,’s are scaled by

1 (14
-7 and the input function is treated as if it were Z(#). The output would correctly be the

response to F(¢).



OUTLINE OF THE PROGRAM

The Roman numeral headings below correspond to the comment cards in the program
listing. Tables 1 and 2 and the flow charts in the following section should aid in under-
standing the ensuing outline. In addition, @ is used to denote an alphabetic O in FORTRAN.
The Roman numeral above any figure in the flow chart corresponds to a numeral in the fol-
lowing description.

I. Input

Data is read, such as the forcing function (Z or 2.), output options, and other constants.
IP3 (four-coordinate grid option) is checked for zero, if not zero, /P1 and /P2 (other
plots) are deleted even if they are requested.

II. Write and Plot Input Data

The time T corresponding to each Z is generated by use of the time interval H.
Each Z and corresponding T are written. From statements 110 to 123, Z versus T is
plotted.

III. Compute SN) and S2ND(N) for Each Time T

Each § and S2ND are computed.

A frequency card is read, i.e., FREQl, FREQ2, DELTAF, then if FREQl = FREQ?,
the blank card was read, indicating the run is finished. If FREQ1 £ FREQ2 the program
continues.

The number of frequencies is computed from the card just read, i.e., NOFREQ =
(FREQ2 - FREQ1)/DELTAF.

IV. Damped or Undamped; if Undamped, Find Number of Residual Points

The large D@-loop, which is indexed for each alpha, is executed.

IALPHA is set equal to one if no damping is present (@ = 0), or set equal to two if
there is damping (a 4 0). If no damping is present, the start of residual time is computed,
viz., T(KH).

V. Compute Constants

Many mathematical expressions used repeatedly in the program are computed.

IFREQ is set equal to one if the frequency is zero or is set equal to two if the
frequency is not zero.

Finally, there is a major branch in the program, depending on whether (1) Z = Z and
frequency = 0, (2) Z = Z and frequency £ 0, (3) Z = Z and frequency = 0, and (4) Z = % and
frequency # 0. Of the four possibilities just mentioned only possibility 2 will be assumed
in the rest of the discussion.

10



VI. Compute XOMEGA (N), XDOT For Velocity Input

More constants and mathematical expressions are evaluated. N XOMEGA's and
XDOT's are computed in & DO-loop ending at statement 210.
Then there is transfer to preliminary calculations.

VII. Preliminary Calculations for Minimum and Maximum Response

Maximum and minimum XOMEGA’s are determined; then control is transfered to

statement 225.
Statements 225 to 235 contain the refinement calculations for maximum and minimum

X o
Then from statements 211 to 215 the different output features, which are selected in

the input, are executed.

VIII. Either Restart With New Frequency or Restart With New Alpha or Stop

FREQ and FREQ?2 are compared; if equal, the end of the alpha D@-loop is reached—
statement 800-and either the entire calculation is restarted for a new alpha, or the next
frequency card is read. '

If FREQ ¥ FREQ2, then FREQ is incremented by DELTAF, and the calculations for
XOMEGA, XDOT, etc. are repeated.

11



TABLE 1

Glossary of Important FORTRAN Variables (Excluding Input Variables)

Variable Math Symbol and/or Explanation
Dimensioned
S §,, first forward difference where S; = Z,, , - Z,.
S2ND Siz, second forward difference where .Si2 «Z;,1-22;,+2,_,.
XOMEGA X w (and X when « = 0) response displacement times natural
frequency.
X X, response displacement, used for plotting in /P1, also used for
plotting - w? X in IP2.
XDoT X, response velocity.
OSCIL F, frequency.
VEL Maximum absolute value of X w for each w.
RESID V(X @)? + X2, at the start of residual time.
Undimensioned
A1 10L0P, which is the value of the first 4-line drawn on the four-
coordinate graph (lower left-hand corner).
D1 10L0P, which is the value of the first D-line drawn on the four-
coordinate graph (upper left-hand corner).
IER Number of points out of range when plotting response (X) versus
time in /P1.
IERA Number of points out of range when plotting response velocity
(X) versus time in /P1.
IERB Number of points out of range when plotting - X w2 versus time
in IP2.
IERR Number of points out of range when plotting the input function Z.

12
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INPUT

The input is read into the computer mostly in the form of FORTRAN NAMELISTS;
consequently, the format for the data is not very restrictive. The data are usually on
punched cards. If the shock function Z is available on an analog tape, a conversion to
digitized tape or to cards must be accomplished before the program can be used. Of course,
the NAMELISTS can be replaced by regular format statements, which would be mandatory if
the program was converted to FORTRAN II.

See Table 2 for the list of input variables with an explanation of each variable.
ZAZAl to ZAZ A4 are NAMELIST names, each containing one or more variables. (See any
IBM FORTRAN IV manual for an explanation of NAMELISTS.) The data cards are arranged
as follows: SDATA card first, then 8ZAZ A1 data, 8ZAZ A2 data, 8ZAZA3 data, 8ZAZ A4
data, frequency cards, and finally the system cards: END OF FILE, S8IBSYS, SRESTORE,
and END OF FILE,

There is no limit to the number of frequency ranges that can be handled, at one card
per range. The last card must be a blank card. The frequency cards are read under format
statement 920, viz., 3F20.8, so the decimal point of the first number FREQL is in column 12,
that of the second number FREQ2 in column 32, and that of the last number DEL TAF in
column 52. FREQ1 must not equal FREQ?2; therefore, the first number on the frequency card
must be less than the second number. The number of frequencies, (FREQ2 - FREQ1) -
DELTAF, must not exceed the storage capacity of the variable @ SCIL when using /P3, which
is now dimensioned for 1000 words.

If IP1 to IP5 are set equal to zero, the only output that will result is a plot of the
input function, a tabulation of the input function, and a tabulation of S, and S,.z.

If the shock function Z is not on cards, but generated from a formula inserted into the
program, then the READ (5, ZAZA1) statement must be deleted from the program.

The physical units for most of the quantities used in this program are assumed
consistent. The units for the input quantities determine the units for the output values ex-
cept where specified; for example, the input frequencies should be in cycles per second.

15



TABLE 2

Input Variables

FORTRAN
Name Comment
Z Shock function which is dimensioned, either acceleration or velocity.
T Initial time, really T (1), and is usually zero.
TZERO Stdrting time of residual shock, i.e., end of transient.
H Time increment into which record is subdivided.

X0 Response displacement at time T, usually zero.

N Number of points, i.e., number of Z’s, must not exceed the dimen-
sioned value for Z in the DIMENSION statement.
XDOoTO Response velocity at time T, usually zero.

182 I£/SZ =0, then Z = 2; if ISZ 4 O, then Z = 2.

IP1 Output Option 1, if IP1 = 0, ignored; if /P1 4 0, plots of response
displacement versus time and response velocity versus time are
generated for each frequency and each alpha.

P2 Output Option 2, if IP2 = 0, ignored; if /P2 £ 0, a plot of negative
pseudo-response acceleration versus time is generated for each
frequency and each alpha.

1P3 Output Option 3, if /P3 = 0, ignored; if /P8 % 0, a four-coordinate,
log-log graph is produced for each range of frequencies submitted,
as well as for each alpha, consisting of response displacement
versue frequency, pseudo-response velocity versus frequency,
pseudo-response acceleration versus frequency, and, if no damping
(alpha = 0), residual response velocity versus frequency. If /P3 is
used, i.e., /P3 £ 0, the program will inhibit /P1 and /P2.

I1P4 Output Option 4 is ignored if /P4 = 0; if /P4 £ 0, tabulation of
results is generated (see output for explanation).

IP5 Output Option 5 is ignored, if /P5 = 0; if IP5 4 0, tabulation of
results, more extensive than /P4, is generated (see output for
explanation).

ALPHA Damping coefficient, which is dimensioned.

NALPHA Number of damping coefficients submitted and must not be greater
than the dimension of ALPHA in the DIHENSION statement.

FREQ1 Initial frequency in cycles per second.

FREQ?2 Last frequency in cycles per second.

DELTAF Frequency increment in cycles per second.

16




OUTPUT

The output from the program is composed of a plot and tabulation of the input shock
function, a printout of each S, and 52, and the input options. If the printed S, and §2 are
not desired, the statement immediately following statement 200 in the program should be
removed. .

See Figures 3 and 8 for an example graph of an input function and Sample Problems 1
and 2 for the tabulation of all points plotted for the input functions. Sample.Problems 1 and
2 (Appendixes A and B) also include sample printouts of S, and S,f.

Figures 9, 10, 12, and 13 are examples of /P1, which is a plot of X versus time and
X versus time for each frequency and each alpha (damping coefficient).

IP2, illustrated in Figures 11 and 14, is a plot of — w2 X versus time for each frequency
and each alpha. The quantity -2 X is equivalent to the absolute acceleration, ¥, when Z = 0.

IP3, illustrated in Figures 4—6 and 15-18, is a four-coordinate, log-log grid which is
a plot of velocity (ordinate) versus frequency (abscissa), with acceleration lines having
negative slope and velocity lines having positive slope superimposed on an originally two-
coordinate grid. The value of the 4 lines increases logarithmically from left to right, and
the line labeled A4 in the lower left corner of the grid corresponds to the value for 4 printed
in the lower right margin. The value of the D lines decreases downward logarithmically, and
the line labeled D in the upper left corner of the grid corresponds to the value for D printed
in the lower right margin. The shock spectrum is the starred plot (X o versus f), and the
residual shock spectrum (\/(X w)? + X2 versus f), plotted only when a =0, is the plot of
zero points. One complete four-coordinate graph is generated for each frequency range and
damping coefficient @ . Hence, for any given frequency within the plotted range, one could
read from the starred curve the pseudo-acceleration 4, the pseudo-velocity, and the displace-
ment D; one could also read from the zero curve, provided there is no damping, the residual
shock spectrum magnitude.

IP4 (Short Form) is, for each frequency range and damping coefficient, a tabulation of
frequency, the maximum value between the pseudo-velocity (X w) and the residual response
(\/(X w)? + X2), and, if no damping is present, the residual response.

IP5 (Long Form) is, for each frequency range and damping coefficient, a tabulation of
frequency, maximum positive pseudo-velocity, minimum negative pseudo-velocity, and, if no
damping is present, the residual response. See the sample problems for examples of /P4 and
IP5 (Short and Long Forms).

One method for utilizing the various graphical outputs is first to generate the log-log
grid (shock spectrum) from /P3, then select from the shock spectrum the important frequencies.
Next, these frequencies are used as input in running the program a second time for /P1 and/or
IP2 to produce response versus time plots for each desired frequency.
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OPERATING INSTRUCTIONS

The subroutines required are from the IBM 7090 plotting package written by North
American Aviation for the Stromberg-Carlson 4020 (charactron plotter-printer). If the
S-C 4020 is not available to the user, the alternate deck is used, in which no S-C 4020
subroutines are called, and there are only two output options, /P4 and /P5 (see Appendix C).
No input tapes, except for unit 5, are required; the program is run under /BSYS version
13. Three output tapes are needed for the program, one tape for the S-C 4020, if used; logical
tape unit 6; and logical tape unit 8. /P4 is written on unit 8, and /P5 is"written on unit 6.
An approximation of the running time of the program, using the input setup from
Sample Problem 1 (see Figure 2), is about 7 minutes, including compiling time. The running
time for the program is increased considerably if more than just a few frequencies are used
with /P1 and IP2.
Most of the memory is used (32K); see the dimension statement of the program-listing
for the array sizes which influence the amount of memory needed.
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APPENDIX A

SAMPLE PROBLEM 1

Arrangement of Input Data
and
All the Various Forms of Output That Can Be
Generated Except /P1 and /P2
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SAMPLE PROBLEM 1

The input shock function is a foundation acceleration, Z = 100 [e =12 9 sin 200 7¢
+ e~ 208t gin 600 #¢], which is generated in the program for each desired point. The follow-
ing cards are inserted at the beginning of the program to generate the Z’s.

( 102 Z(1)=100 *(EXP (=129, *T(1))*SIN(TIZ)+EXP {~208,*T(I))*SIN(3.*T12))

( TIZ=2 *Pl *100 *T(l)
gy TR . &
f 00102 I=1,N

0000000000 000060 00000000009000000000000000000000000000000C000000000000000000230080
T TSNS M I NN ANNI TR R NNO NGRS G0 NNHERTAANDN LRSI HBETI T RR T 190
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R AR RRRRRE |
22222222222 222222222222222222222122222222222222222222222222222222222222222222222

33333333333333 3 333333333330333333333333333333333333333333333323333333333303003

[ 4]

A

QA4 3430444048004 484044433448 84430 4444340403434 4338 444804834000 80040800 0030800
589555655555 55558 5555555559595 5559558555509559559595555556555555555555555585555555$
66566666 666665666666 6666566666666666686666656666566566666666666GE6665G06666666G6656
MM nInIInINnIIIInIIInIMIIININIINIINNMIININnINIINIINnINIIIIININnIIIN
{Hlllllllll“ $ SHUBRBORRBORRIBBIIBOBANNRIRNTIRBEBARNOBNRBRIIBARIMARIBANNLLTINNNS
9999999998999 939999999999999953499949131939 999 98839339
K- IERENERRE Y “d EENES J

THARN LIS N AN AR TRERT AR e
IR

2 9999999999891

]
ST NN NANDN TN

See Figure 2 for the arrangement of the input data.
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( END PF FILE (SYSTEM CARD) \
/~  SRESTORE (SYSTEM CARD) \
~ nesys (SYSTEM CARD) \
/~  ENDOFFILE (SYSTEM CARD) \
( (BLANK CARD)

f 0. 100. 1. (FREQUENCY CARD)

( 0. 1000, 1 (FREQUENCY CARD) \
( JZAZA4 ALPHA(1)=0.  NALPHA-13 (3RD NAMELIST) \
( SZAZA3 IP1=0, P21, IP3= 1, IPA =1, IP5 - 13 (2ND NAMELIST) \
K- H=.3000E- 04, X0=0, N = 1200, XDOT 0=0, ISZ= I3 \
/~ $ZAZA2 T(1)=0, TZERO = .03, (1ST NAMELIST) \
/~ ATA (SYSTEM CARD) \

908 :0000000000000000008000000000000000600000000000000000000C008000000000000000008
11383010 0INNUNHBRTNARNNNNAANASNNLNUANUBNROTOUBHOBANNTNUBUINNNNOOUWHETHBINTIHARD NN
(RS R R R R R R R R R R R R R R R R R R R R RN AR R R R R R R AR R R R R R R R R R R R R R AR R AR R R AR AR
222222222222222222222222222222222222222222222222222221222222222222222222222222112°

33 33333333333333333333333230033333333333033333332313393333333023333030300330300 0
O 44040000008 0004044400000 000 0040010000000 MMM
99555555555555555555555555535555555555555555555555555555555555555555555555585988
COCEEOEOEOOEEEOEOCEOCOECREOCCOEOOCOhEEEhRERECECE0CCOCEEC6CCC063CCECECECEECEEEEC650866
M I I I nINNININIINII NI I NININIINIININIYINIINIININIIN |
COBONBORBORRENORERBONORRACOURRIRIBABRRNAANARARBBUNOCRBRRBBOROAORINRRORENIINNIBIIND

L’.???E!”"””””“"”"””’"’"’""""“”"’"””’”’””""””"”"J

l’l. nmlnuu BROIANNANNUARIARNNNNUB KT ANANQ ORI ARSI QITHNUI MR NMMBBRGINIRNINNRANT ANN
R

Figure 2 — Arrangement of Input Data for Sample Problem 1
NOTE: NAMELIST $ZAZAl is omitted because the Zi’l are generated within the program,
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-1}
C

PROGRAM LISTING FOR SAMPLE PROBLEM 1

o6/10
SNERD - EFN SOURCE STATEMENT - [IFN(S) -

ODIMENSION 2(2000)¢7(2000)+S(2000)¢S2ND(2000) « XOMEGA (2000)+X(2000),
1X00T (2000 )+ ALPHA(25),0SCIL(10C0) +VEL(1000)RESID(1000C)
EGQUIVALENCE (RESIDeX(1))s(VELX(1001))"
NAMELIST/ZAZAL/Z/7ZAZA2/T+T2ZERC, He XOeNo
IXDOTOolSZ/ZAZASIIPl.lPiolPJ.IPO-lPS/ZAZAQIALPHA.NALPHA
WRITE(6+900)

PI=3.1415927

REAC(S5+2ZAZA2)

REAC(S+ZAZAJ)

REAC(S,ZAZAS)

IF(IP3I)50:51.50

IP1=20

192=0

CONT INVE

Covevcacnme=aWRITE AND PLOT INPUT DATArrcccrcccccacs

100

102
104

107
110

120

121

00 100 I=2.N

TLI)=T(I=1)+H

0 102 I=1.N

TIZz2.%P[9]100,%T(])

2C1)210C o R{EXP(=129#T{1))RSIN(TIZI+EXP(=208+%T(1))ESIN(3.%T12))
IF(1SZ2)104,105+:104

WRITE(6.901)

G0 TO 106

WRITE(6,902)

CONT INUE

WRITE(G6+903) (Z(1)eT(1)s1=1,N)

ZVWIN=2(1)

ZVAX=Z(1)

00 110 1=24N

IF(ZMAX=2(1))108,109,109

IvAX=Z( 1)

GO TO 110

IF(ZMIN~Z(1))31C,110,107

ZMIN=2(1)

CONTINUE

CALL CAMRAV(21S)

IN=EN

CXsHEZN/10.

OV=(ZMAX=ZMIN)/10,

CALL GRIDIV(1sT(1)eTIN)eZMINZMAXDOXs0OYel sl ol el:6,:6)
CALL APLOTV(N.ToZelsle1¢42,1ERR)

IF(IERR) 115,116,115

WRITE(6.904) [ERR

CONT INVE

NNsN-]

DO 120 1I=1.NN

CALL LINEVINXV(T(I))oNYVIZ(I)DeNXVITII®#1))NYVIZ(LI¢1)))
CONT INVE

CALL PRINTV(=1S.1SHTINE IN SECONDS+452.:6)
IF(1ISZ)121.1220121%

CALL APRNTV(0s=14¢=23:23HFOUNDATION ACCELERATION:8,696)
GO TO 123

CALL APRNTV{(O0s=ids~19:19HFOUNDATION VELOCITY :4,6648)
CONT INVE
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06710/
SNERD - EFN SOURCE STATEMENTY = IFN(S) -
C
CrmvemeccceeaCOMPUTE S(N) AND S2ND(N) FOR EACH TIME Trece=== -
S(1)aZ2(2)=-2(1)
SANC(1)2Z(3)=-2.82(2)¢2(1)
K=N=}
00 200 I=2,K
S(I)=Z2(L+1)=2(1)
200 S2ND(1)=Z(141)=-2,82(1)¢2(1~-1)
WRITE(6:¢917) (1+S(TI)eS2NO(1)sl=1,N)
C

190 READ(S5¢920) FREQI+FREQ2,DELTAF
IF(ABS(FREQL1-FREQ2)-,1E~-20) 801,801,191
181 CONTINUE
IF(1P3)192,195,192
192 TEMC=FREQ2-FREQI
IF(AMOD(TEMP DELTAF )=DELTAF/2:)193,194,194
193 NCFREQ=TEMP/DELTAF
GO TO 195
194 NOFREQ=TEMP/OELTAF+1.00901
195 CONTINUE
Ce=====DAMPED OR UNDAMPED.,IF UNDAMPED FIND NUMBER OF RESIDUAL POINTS-~recocce-
D0 800 IX=3NALPHA
NIN=1
INI=0
FREQ=FREQ1
IF(ABS(ALPHA(IX) )= 1€E~-09)201.,201,202
201 1ALPHA=]
GO To 222
202 IALPHA=2
222 GO VYO (2034207) s IALPHA
203 TT=TZERO-T(1)
IF(AMODI{TT H)=H/2+)208,204.2C4
204 KH=TT/H¢1,000001
GO T0 207
208 KH=TT/H+.000001
207 CONTINUVE
C
Cro=—ccee==COMPUTE CONSTANTS====w=-
OMEGA=FREQ®2.,%P ]
RACCAL=SART(le=ALPHA(IX)E82)
OH=0OMEGA®H
PsOMEGASRADCAL
EXSEXP(=ALPHA(IX)®0ON)
COSPH=COS(PE®N)
SINPH=S IN(POK)
A20H=2.BALPHA( IX ) /0H
RECOH=]+/0HM
ALPHA=ALPHA(IX)882
X122] e=2+2ALPHA2
FACT I1=EX®S INPH/RADCAL
FACT2=EXSCOSPHFACT I ®ALPHA(IX)
IF(ABS(FREQ)~+1E~20)220,220.221
220 1FREQs=)
GO 70 223
221 IFREQ=2
223 IF(132)300.208,300
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c

PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06/10
SNERO = EFN SOURCE STATEMENT -~ IFN(S) -~

208 GO TO (400,209),IFREQ
209 CONTINUE

Co==a-<>COMPUTEXOMEGA(N) » XDOT FOR VELOCITY INPUT-ceccccccaea

C

GO TO(224,225).NIN

224 XOMEGA(1)=0MEGA#X0

FACTI=RECOH®(1,-FACT2)
FACTASRECOH®(¢S~2, #*ALPHA( IX)#RECOH4EX® ((+5+2s *ALPHA(IX)®RECOH)
18COSPH=(X12%RECOH-ALPHA(IX)/72.)#SINPH/RADCAL))
FACTS=EX®COSPH-ALPHA(IX)®FACT])

FACTo=RECOH®FACT]
FACT72(RECOMER2)# (2 ~EXH(COSPH¢ (ALPHA{IX)+0H/2¢)#SINPH/RADCAL))
X00T(1)=X00TO

00 210 [=2.N
XOMEGA( [ )=XOMEGA(I-1)*FACT24X00T(1-1)*FACT1=-S(1-1)&FACT3I~S2ND(1~1)

1#FACTS

210 XDOT(1)==XOMEGA(I-1)®FACT1+¢X00T(I-1)*FACTS=-S(I=1)8FACT6-S2ND(1I~1)*®

LFACTY
GO TO 7Sé

228 CONTINUE

KROsKMX +K 00K

KRASKMN4K [CK

D0 238 [=22,5

VAs]=]

TABVA® 28

COSPT=COS(PeTA)

SINPT2SIN(PETA)

EXTEXP(=-ALPHA( IX)®OMEGA#TA)
FACTRISEXT®(COSPTHALPHA(IX)®SINPT/RADCAL)
FACTR2SEXT#SINPT/RADCAL

FACTR3I=(1+=FACTR1)®RECOH
FACTRAZ(TA/H=e5=A20H+(ALPHA(IX)/72:.=X128RECOH) #FACTR24 (., S3¢A20H)
1 SEXT®*COSPT )#RECONH

XMAXO XOMEGA(KRO)*FACTR1 +XDOT(KROI®*FACTR2-S(KRO)*FACTR]
1-S2ND(KRO)*FACTRA

IF(XMAX=-XMAXO )229,230.230

229 XMAX=XMAXO
230 XMINO ZXOMEGA(KRA ) #FACTRI*XOOT(KRA)}*FACTR2-S(KRA)#FACTR)

1=S2NC(KRA)#FACTRS
IF(XMIN=XMINO 1235.23%5,232

232 XMIN=XMINO
233 CONTINVE

NIN=1

211 IF(1IP1)500,212,%500
212 IF(1P2)5500213,.550
213 IF(1PJ)600,214,¢00
214 IF(IP4)6504215,€50
218 1F(1PS) 700,785,700

C-====CCMPUTE XOMEGA(N)¢s XDOT(N)s FOR ACCELRATION INPUT==ecmce==

300 CONTINVE

GO TO(350,308),1FREQ

305 CONTINUE

ECOSi=]l . ~EX®COSPH
CFACT3=(1.-FACT2)/0MEGA
CFACTA=(1.-A20H®ECOS1~X12%FACT] SRECOH) VOMEGA
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06710/
SNERD - EFN SOURCE STATEMENT = [IFN(S) -

GO TO(308¢32%5)«NIN
308 XOMEGA(1)=0OMEGA XD
CFACTSE(=Q #ALPHA(IX)=(2e%( 100 *ALPHA2)/0H~2.#ALPHA{IX))®ECOSI1¢
1(X1242.%ALPHA(IX)B(Ie~4.RALPHA2)/0H)®FACTS ) RRECOH/ (24 %0OMEGA)
DFACTE=(1-ECOS1)=-FACTI®#ALPHA(IX)
CFACTTsFACT1/0MEGA
DFACT8=( 1 .~FACT2)®RECOH/OMEGA
CFACTOZ(2¢e=(1e¢A4, *ALPHA(IX)®RECOH)I®ECOSI=(2.8X128RECOH-ALPHALLI X))
1%FACTI)®RECOH/( 2+ R0MEGA)
XDOT(1)=XDOTY0
D0 310 [=24N
XOMEGA( I )= XOMEGA( I=1)*FACT2+X00T(1I~1)*FACT1=-2(1-2)%DFACT3~-S(I-1)
1 8DFACTA-S2ND( I=1)®%DFACTS
310 XDOT(I)==XOMEGA(I-1)*FACT1+¢XDOT(1l=1)%DFACT6~-Z(I-1)SDFACT?
1 «S(I-1)%DFACTB8=-S2ND( I-1 )®DFACTO
GO0 TO 756
325 CONTINUE
KROSKMX +KCOK
KRA=KMN+K ICK
H2=He82
00 335 1=2,$
VA=I-}
TA=VA#®, 28K
COSPT=COS(P#TA)
SINPT=SIN(PETA)
EXT2EXP(-ALPHA( I X)®OMEGA®TA)
FACTRIZEXT®(COSPT+ALPHA(IX) ®*S INPT/RADCAL)
FACTR2=EXT®#S INPT/RADCAL
FACTRI=(1.=-FACTR1)Z70MEGA
FACTRAS(TA/H=A20H&{ 1+=EXTRCOSPT )=X12%FACTR2*RECOH) VONEGA
FACTRE=(TASE2/H2=TA/H=( 28 ( 1o~ .0ALPHA2) SRECOH®82_A20H) *
1(1e=EXTRCOSPT )¢ (X128RECOH®2.2ALPHA(IX) ®( 3,4, TALPHA2) SRECONHSS2)
2%FACTR2)/7(2.20MEGA)
XMAXOSXOMEGA(KRO) *FACTR1I +XDOT (KRO)SFACTR2=-2(KXRO)SFACTR3
1=S(KRO)*FACTRA~-S2ND(KRO)*FACTRS
IF( XMAX=XMAX0D 1329,330.,33
329 XMAX=XMAXO
330 XMINOsSXOMEGA(KRA)I®FACTR1I+XDOT (KRA)SFACTR2-Z(KRA)SFACTRI
1=S(KRA)*FACTRA-S2ND(KRA)®FACTRS
IF{XMIN=XMINO 1335+335.,332
332 XMIN=XMINO
338 CONTINUE
NIN=1l
GO To 211

c
C-===-=FREQI=ZERO FOR FOUNDATION ACCELERATIDN==-=c-=ce
380 GO T0(352.365)¢NIN
352 XOMEGA(1)=x0
XDOT (1)=X00TO
H2sHes2
00 360 132N
XOMEGA( [)=XOMEGAL 1=1) $HEXDOT( [=1)=2(1=1)®H2/24=S(1~1)#H2/60¢
1S2ND(1-1)9H2/24,
360 XOOT(I)==2(1-1)8H=S(1=1)0H/2,¢S2ND(1~1)H/12,
GO TO 756
36S CONTINUE
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06710
SNERD = EFN SOURCE STATEMENT -~ [FN(S) -~

NIN=]
GO 10 211
C
Cowececea=COMPUTE X¢ XDOOTVT FOR OMEGA=ZERQ=-=-==VELOCITY INPUT
400 GO TO(402,425)NIN
402 XOMEGA(1)=Xx(
X00T(1)=XDOTO
DO 410 [=2,N
XCOMEGA( 1) =XOMEGA( [=1)¢XDOT(I~-1)#H=-S{I-1)EH®,S+S2ND(1~-1)*H/12,
410 X00T(I)=XDOTY(I-1)~S(I-1)
GO TO 756
425 CONTINUE
NIN=1]
GO T0 211
C
CeoccceeapPlLOF X VSe T AND XOCT VSe Veocccecccccacaas
500 GO TO0(505,510), IFREQ
%505 00 506 Is1.N
S06 X(I)=XOMEGA(I)
GO TO 518
510 00 515 Isl,N
S18 X(1)=XOMEGA(I)/0MEGA
518 XMx=X(1)
XDMX=XDOT( 1)
XMN=X(]1)
XOMN=XDOT(1)
00 S30 f=2.N
IF(X(I)=XMX )521,521.520
520 XMXaxX¢ 1)
S21 IF(XtI)=XMN )8522,523,523
$22 xXMN=X({1)
823 IF(XDOT(I)=-XDMX )8525,525.524
524 XCMX=XDOT(I)
828 IF(X00T({I)~XDMN )526,530,830
826 XCMN=XDOT(I)
530 CONTINUE
CY=(XMX =XMN )/ZN
CALL GRIDIVILeT(1)eTIN)¢XMN, XM)X, DX,DY04:8:498+6,6)
CALL APLOTV(N.T o Xely101:482,1ER)
IF(IER)S31:532.,531
531 WRITE(6+:913) IERFREQ
532 NA=N-1}
00 S35 1=1.NN
CALL LINEVINXVITUI))oNYVIXCI) JoNXVITII®L)) oNYVIX(I®1)))
538 CONTINUVE
CALL PRINTV(=15,1SHTIME IN SECONDS:452,6)
CALL PRINTV(=-23,23KFREQ= CYCLES/SECe+20,3)
CALL LABLVIFREQ:80¢3:651.8)
CALL PRINTV(=8,8HALPHA= ,20+,17)
CALL LABLV(ALPHA(IX)¢72e17+641,41)
CALL APRNTV(Oo=14s=11¢11HX RESPONSE+4.600)
DY= (XOMX =XOMN )/ZN
CALL GRIDIV(1+T{1)eTIN):XDNNy XDMXys DXsDY 840898 94406,06)
CALL APLOTY (NeToXDOTs 1+1:104241ERA)
IF(IERA) S32,5359,538
538 WRITE(6.914) IERAFREQ
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C

PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06710/
SNERD - EFN SOURCE STATEMENT - IFN(S) -

$39 DO Sa0 I=1.NN

CALL LEINEVINXVIT(I))eNYVIXDOT(I))eNXV(TLI®1)) NYV(XDOT(I+1)))
540 CONTINUE

CALL PRINTV(=1S:1SHTIME IN SECONDS:452:6)

CALL PRINTV(-23,23HFREQ= CYCLES/SECe+20,3)

CALL LABLV(FREQ:60¢3:64s144)

CALL PRINTV(=-8,8HALPHAE ,+20.,17)

CALL LABLVIALPHA(IX)»T72+17¢60101)

CALL APRNTV(09=14,-22,22HVELOCITY RESPONSE XDOTV+4,688)

GO TO 212

Commcca===pPLOT Y(ACCELERATION) VS: TIME-~e—c~mcceca=

[ NaXa)

5850 CONTINUVE
GO TO(213,551),1FREQ
€51 CONTINUVE
$60 DO 562 I[=1.N
$62 X(I)==XOMEGA(1)SOMEGA
XMx=x(1)
XMN=X(1)
00 S66 1I=2.N
IF(XMX =X(1))3563,564,564
563 xmMx=XxX(I)
S64 [F(XMN =X(1))56€¢566+565
SE8 XMN=X{])
566 CONTINUE
DYR(XMX =XMN )/ZIN
CALL GRIDIVILIsT(1)eTINIoXMN, XMXy OXoDVY8,8,8,84,6,6)
CALL APLOTVINOToXs1s191,02,1ERB)
IF(IERB)ISTO0,571,570
$70 WRITE(6:919) IERB,.FREQ
ST71 NN=N-}
DO S78 I=l,NN
CALL LINEVINXVITUI) JoNYVIXCI))oNXVITLTI#1))oNYVIX(T41)))
878 CONTINUVE
CALL PRINTV(=1S,1SHTIME IN SECONDS:452,8)
CALL PRINTV(=-23,23HFREQ= CYCLES/SECe+23,+3)
CALL LABLV(FREQ:60¢3:601+4)
CALL PRINTV(=8,8HALPHAS ,20,17)
CALL LABLVIALPHA(IX)e72017¢60141)
CALL APRNTV(0e=14:=26:26HABSOLUTE OR Y ACCELERATION,4,720)
GO TO 214

OO FOQUR CCORDINATE GRID======
600 CONTINVE
INI=1¢INI
OSCIL(INI)=FREQ
VEL(INE )sAMAX] (ABS(XMAX )+ ABS{XMIN))
GO YO (6014,602),1ALPHA
601 RESID(INI)=SORT(XOMEGA(KH)®82+XDOT(KH) #82)
IF(RESID(INI )= 1E~19)6048,604,602
602 IF(FREQ~,1€E-19)604+:604,603
603 IF(VEL(INI)=«1E~19)604,606,605
604 NOFREQ=NOFREQ-1
INI=INI-1
608 IF(ABS(FREQ~FREG2)~-.1E-09)606,606,214
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12
613

614
618
616

PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

SNERD - EFN SOURCE STATEMENT -~ IFN(S) =~

CONT INUVE

CALL SMXYV(1,.1)
FRASML=0OSCIL(1)

VELSML=VEL (1)

RESSMLaRES10(1)

DO 616 1=2,NOFREQ
IF(OSCIL(I)-FRQOSNML)G611.€12,612
FROSML=0SCIL(1)
IF(VEL(1)-VELSML)613,614,614
VELSML=VEL(1)
IF(RESID(I)-RESSML)G61S:615,616
RESSML=RESID(I)

CONT INVE

ORDSML=AMINL(VELSML +RESSML)

Ce==e===TO FIND THE LIMITS FOR THE (4X3) CYCLES=mcccecaca—a

620

622
623

624
623

IFCALOGLIO(ORDSML))620,6214621
LOGORO=ALOG10(OROSML )=,

GO TO 622
LOGORO=ALOG10(ORDSML )
IF(ALOGIO(FRQOSML) 10623,624,624
LOGFRA=ALOGI0(FRQOSML )=1,

GO TO 6285
LOGFRQA=ALOGIO(FROSML )
OROSML=10 .+ *#L0OGORD
OROLG=ORDSML#10.%¢4
FROSML=10 ¢ **L0GFRQ
FROLG=FRQSML#10,.%03

C~~===PLOT LOG=-LOG GRID FOR VELOCITY VS FREQUENCY===woae

CALL GRID1IV(3,FRASMLFROLG,ORDOSML +ORDLGs10001¢0010tlelols=24-2)

Cow=eeT0 FIND LARGEST 1X1C 70 THE PTH POWER LINE FOR Xecoccoo=a

627

OMSTRTY=2,#PI#FROSML
TEMP=sALOG10 (ORDLG/OMSTRT)
IF(TEMP) 627,628,628
LOP=TEMP=1,

GC 7O 629

LOP=TEMP

D1=10.%8_ 0P

Vi=QMSTRT#D1

WiG=10.*0RDSM.

XMARGN=NXV (FROLG)=NXV(FRQSML )
YMARGNENYV{OROLG)=NYV(WIG)
SLOPE=YMARGN/XMARGN

I XCOR=4+NXV(FRQSML )

CALL PRINTV({=1,1HD, IXCORsNYV(V1))
CALL PRINTV(-2,2HD=,900+17)
CALL LABLV(D1¢9244174-2:1,3)

Ce======DRAW LINES UP FROM V]=-==eccceas

VI3=0.

00 632 I=1.9

ViSsVISeV]
I1F(OROLG-V1S)647,630,630
XTCHENYV(ORDLG)=-NYV(VIS)
ITCH=XTCH/SLOPE
ITCHENXV(FROSML )¢ ITCH
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

SNERD - EFN SOURCE STATEMENT -~ [FN(S) -

KITCH=NYV{(ORDLG)
CALL LINEV (NXV(FRASML )} oNYV(VIS) s ITCHeKITCH)
632 CONTINUVE
Ceee===aCRAW LINES FROM V1 DOWN~-——c=cc=-
647 DO 638 J=1.,20
LAL=LOP-J
LANZLAL ¢1
ODLAN=10, # 8L AN
CLAL=10.%8LAL
C0 638 1=1.9
EFT1=1
VIS=OMSTRT®DLAN-OMSTRT®OLAL®*EFT
IF(VIS-0ROSML)639,633,623
€33 KITCH=NYV(OROLG)=NYVIVIS)
IYMARG=YMARGN
IF(IYMARG-KITCH)635:634+634
634 ZITCH=KITCH
ITCH=ZITCH/SLOPE
GO TO 637
635 [TCH=XMARGN
KITCH3IYMARGN
637 ITCH=ITCHeNXVIFRGSML)
KITCH=KITCH4NYV(VIS)
CALL LINEV (NXV({FRASML) NYV(VIS)sITCH.KITCH)
638 CONTINUE
C=e====DRAW FROM TFHE RIGHT ORCINATE THE REMAINING X-LINES~====-
639 OMLAST=2,*PI#FROLG
LEFT2=)
LEFTI=EFT]
DO 641 J=LEFT2,30
LAL=LOP~Y
LANELAL +1
OLAN=10,#8LAN
OLAL=10.%8LAL
OO0 640 I1=LEFT1,9
EFVI=]
VISsOMLASTSDLAN-OMLAST®OLAL®EFT]
IFIVIS~0OROSML 642,636,636
636 KITCHESNYV(VIS)=-NYV(ORDSML)
CAPT=KITCH
ITCH=CAPT/SLOPE
ITCHaNXV(FRQLG)=ITCH
KITCHENYV(OROSML)
CALL LINEV (NXV(FROLG)oNYV(VIS)s ([TCHs KITCH)
640 CONTINUVE
LEFT1I=}
641 CONTINUE
642 CONTINUE
CrermreccaaplO? POINTS ===ce=
CALL APLOTV(NOFREQesOSCILsVCLelol1s1+44,LIT)
IF(LIT)643:0644,643
643 WRITE(6:922) LITALPHALLIX).
644 GO TO (648.,6406), [ALPHA
648 CALL APLOTV(NOFREQ.OSCIL.RESIDe1s1l01¢30,KIT)

CALL PRINTV(~-28,28H000 =RESIDUAL SHOCK SPECTRUM,NXV(FROSML) +1006)

IF(KIT)I0NS:6464643
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

SNERD - EFN SOURCE STATEMENT =~ [IFN(S) -

645 WRITE(6.923) KIT,ALPHA(IX)
646 CONTINUE

CALL PRINTV(=15,15HFREQUENCY (CPS)¢452,:6)

CALL APRNTV(0e=14:-8+8HVELOCITY :94576)

CALL PRINTV(=8,8HALPHAR 42u,.17)

CALL LABLVIALPHA(IX)s72,17,64141)

CALL PRINTV(=-19,19H#88 2SHOCK SPECTRUM:NXV(FROSML).1015)
Ce==cece——ac GENERATIUN OF ACCELERATION GRID=--===~
Co==weocn=ecTO FIND Al-ccccaceceaa

TEMP=ALOG10 (ORDSML#OMSTRT)

IF(TEMP ) 850,851,851

850 LOP=TEMP

GO TO 853

€51 LOP=TEMP+1.
853 Al=10.%#L0P

V1=A1/0MSTRT

CALL PRINTV(=1,1HA, IXCOR,NYV(V1))

CALL PRINTV(=2,2HA2,900+4)

CALL LABLV(A14928,4,=241,:3)

Co==c==<CRAW LINES DOWN FROM Al-=e—cee=

K ITCH=NYV(ORDSML)

00 856 [=1,9

EFT1=[~1

VISaVI#(1e=o1REFTL)

IF(ORDSML=-VIS)855,855.,057

855 XTCH=NYV(VIS)=NYV({ORDSML)

1 TCH=XTCH/SLOPE

ITCH= ITCH4NXV(FRQSML )

CALL LINEV (NXV(FRQSML) NYV(VIS)eITCHe KITCH)

€56 CONTINUE
Ceee-weeeDRAW LINES FROM Al UP
857 DU 870 J=1,20

LANZLOP ¢J=~1

ALANZ10. #8LAN

0O 870 =2,10

EFT1ag

VIS=ALAN/OMSTRT®EFT]

IF(VIS~0ORDLG)8S6,858,871

858 KITCH=NYV(VIS)=NYV(OROSML )
1YMARG=YMARGN
IF(IYMARG-KITCH)862+8614,861

861 ZITCH=KITCH

1TCH=2 I TCH/SLOPE

KITCH=NYV{ORDSML)

GO TO 868

862 ITCHaXMARGN
KITCH=NYV{VIS)=IYNARG

868 ITCH=[TCH4NXVIFRASML)

CALL LINEV (NXV(FRQSML) NYV(VIS)sITCHs KITCH)

870 CONTINVE

CovemmceeCHAY FROM THE RIGHT OROINATE +REMAINING A~LINES—c——c——--

871 LEFT2s)

LEFT1=EFT]

K I TCH=NYV(ORDLG)

D0 875 J=LEFT2.30

LANSLOP¢J=1
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06710/
SNERD - EFN SOURCE STATEMENT =~ [IFN(S) -
ALAN=10 .08l AN
00 874 (=LEFT1.10
EFTI=]
VIS=ALAN/OMLASTREFT)

IF(VIS-ORDLG) 872,872,876
872 CAPT=NYV(ORDLG)=-NYV(VIS)
ITCH=CAPT/SLOPE
ITCH=NXV(FROLG)-ITCH
CALL LINEV (NXV(FROLG)sNYV(VIS), ITVCH,KITCH)
874 CONTINUE
LEFT1=2
878 CONTINUE
€76 CONTINUE
GO TO 214
c
Ce-ewmmceeeceSHORT FORM===em===a=
650 CONTINUE
IF(ABS(FREQ-FREQ1 )= ¢ 1E=04)651+651 ¢652
651 WRITE(8:912) ALPHA(IX)
652 GO TO(658:655)¢ IALPHA
655 XOMAX=ZAMAXL(ABS(XMAX)sABS(XMIN))
GO TO(668,669),IFREQ
658 RMAX=SQRT(XOMEGA(KH)®&24XDOT(KH)##2)
XOMAXZAMAX 1 ( ABS(XMAX )¢ ABS{XMIN) +ABS(RMAX) )
GO TO(681,678), IFREQ
668 WRITE(8,906) FREQ.XOMAX
GO TO 218
669 WRITE(8,905) FREQ.XOMAX
GO TO 215
678 WRITE(8.907) FREQ.XOMAX.RMAX
GO TO 218
681 WRITE(8,908) FREQ+XOMAX(RMAX
GO TO 215
c
Ceee~eeaa=ONG FORM=====-=e=-
700 CONTINUE
IF(ABS(FREQ-FREQ] )=« 1E=04) 701,701,702
701 WRITE(6.91S) ALPHA{IX)
702 GO TO(704,705)s IALPHA
704 RMAX=ZSQRT(XOMEGA (KH)#924XDOT(KH)##2)
GO TO(743,742)¢IFREQ
705 GO TO(726,727), IFREQ
726 WRITE(6+916) FREQ+XMAXsXMIN
GO VO 78S
727 WRITE(6+910) FREG.XMAXXMIN
GO TO 78S
742 WRITE(6:910) FREQ:XMAX¢XMINIRNAX
GO TO 78S
743 WRITE(6.911) FREQ.XMAX.XMIN,RMAX
GO TO 78S
4
Ce=m—c==cPREL IMINARY CALCULATIONS FOR MINe AND MAXe RESPONSE==--=====-
756 GO TO (7S8.757), IALPHA
757 NX=N
GO TO 759
758 NX=KH
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06/1
SNERD - EFN SOURCE STATEMENT = [IFN(S) -

759 XMAXZSXOMEGA(1)
KMX=]
XMIN=XOMEGA(1)
KNMN=]
DO 760 1=2,NX
IF(XMAX~XOMEGA(1))761,762,762
761 XMAX=XOMEGA(I)
KMX=]
762 IF(XMIN=-XOMEGA(1))T760,765, 765
768 XMIN=XOMEGA(I)
KMNs=]
760 CONTINUE
IF(KMX=2)T771.77,771
770 KMX=KMX+1
T7) IF(KMX-NX)TT73:772+773
772 K¥X=KMX~-1
773 IF(KMN=1)T775,774,775
T74 KMNESKMN+]
T78 IF(KMN=NX)TT7:776+777
776 KNMN=KMN~-1
777 CONTINUVE
IF(XDOT{(KMX=1)8XOOT(KMX))778:778+779
778 KQCOK=-]
GO TO 781
779 KQOKk=0
781 CONTINUE
IF{XO0T(KMN=-1)#XDOT(KMN)) 783,783,784
783 K[CK=-1
GO TO 950
784 KICK=0
9850 NIN=2
G0 TO 2u7
C
ComwaeeaEITHER RESTART WITH NEWw FREGe OR RESTARTY WITH NEW ALPHA OR STOP
788 CONTINUE
IF(ABS(FREQ-FREQ2)=+1E-03)800,785,75S
7SS FREQsSFREQDELTAF
GO T0 207
800 CONTINUE
GO TO 190
801 WRITE(6.,909)
CALL FRAMEYV
sSTOP

900 FORMAT (1ML :49X ¢ 22HSHOCK SPECTRUM PROGRAM//SOX,21HAPPLIED MATH LAB
10TMBe2/77)

901 FORMAT (40X, ICHFOUNDATION ACCELERATION VS TINE(INPUT)//18Xe23HFOUND
LIATION ACCELERATION,3I6X, 1SHTIME IN SECONDS)

902 FORMAT (42X ¢3SHFOUNDATION VELOCITY VS TIME (INPUT)//720X+19HFOUNDATI
10N VELOCITY 38X+ 1SHTIME IN SECONDS)

903 FORMAT(1IXsF35:.9¢ 44XeF20.9)

904 FORMAT(A7H PLOTTING ERROR NUMBER OF POINTS OUT OF RANGE=,.12//)

908 FORMAT(1ISXeF10685:29%XeF12.7)

906 FORMAT{10Xc11HFIRST FREQ=,F10¢S¢7Xs1 3HMAX RESPONSE=F12.7/)

Q07 FORMAT(18XeF10:5:2(29%XeF12.7))

908 FORMAT(10Xe11HFIRST FREQS,F10.8,7X,13HMAX RESPONSE=eF12.7¢12X,

32



PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued)

06/10/
SNERD - EFN SOURCE STATEMENT - IFN(S) -~

117THMAX RES RESPONSE=,F12.7)

909 FORMAT(///738X+25HPROGRAM RAN TO COMPLETION)

910 FORMAT(10XsF105,:3(18XeF12.7))

911 FORMAT(S5Xs 1 1HFIRST FREOQ=sF10e509XsIHMAX RESP=¢F127+10X+9HVMIN RESP
129F126Te 77X 1SHMAX RESID RESP=2F12.,7)

912 FORMAT(1H1 55X 10HSHORTY FORM//4SX,20HDAMPING COEFFICIENT=,F10.8//7/
179X » 22HFREQUENCY(CYCLES/SECe ) 219X 20HMAX RESPONSE X OMEGA,18X,26HM
2AX RESID RESPONSE X OMEGA)

G13 FORMAT(S59M PLOTTING ERROR FOR X VS T, NUMBER OF POINTS OUT OF RAN
1GE=, [2,6H FREQ=,F10.7/7/)

914 FORMAT(1X. 12,431 POINTS OUT OF RANGE FOR XDOT VS TIME.FREG=.F10.7
177)

918 FORMAT(1HE ¢ S5X,9HLONG FORM//4SX ,20HDAMPING COEFFICIENT=,F10.,8/77/7/
17X+ 1OGHFREQUCYCLES/SEC) ¢ 12X, 20HMAX RESPONSE X OMEGA+10X,20HMIN RESP
20NSE X OMEGA,8Xs22HMAX RESID RESP X OMEGA)

916 FORMAT(AXe 1 IHFIRST FREQ=:F106S¢10Xs9HMAX RESP=EF12¢7:10X,9HMIN RES
1P=,F12.7)

QL7 FORMAT(IHL s 18X IHTI ¢ 38X AHS(1) oI34X, THS2ND(I) /7
1(17Xe 14, 34XF12e7¢28XsF1207))

910 FORMAT(LH]E ¢ Z0Xe IOHINTERMEDIATE VALUES/19Xo1HEI ¢35X s 9HXOMEGA(TI) o
131X THXOOT( )7/
2U1TXeI3¢34XsF12e7028XeF1267))

919 FORMAT(1X+12+43H POINTS OUT OF RANGE FOR Y VS TIME+FREQ=+sF10.7
177)

920 FORMAT({3IF20.0)

921 FORMAT(G6F15.6)

922 FORMAT(1Xs12+.49H POINTS OUT OF RANGE FOR VEL VSe FREQ WITH ALPHA=,
1F10.8)

923 FORMAT(1Xe12¢501 POINTS OUT OF RANGE FOR RESIOUAL PLOT WITH ALPHAS
1¢ F10.8)

END
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Figure 3 — Input Shock Function (Sample Problem 1)
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Figure 4 — Four-Coordinate Grid for Sample Problem 1, & = 0

FREQUENCY RANGE = 10 TO 1000 CPS
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Figure 5 — Four-Coordinate Grid for Sample Problem 1, a = 0.1
FREQUENCY RANGE = 10 TO 1000 CPS
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Figure 8 — Four-Coordinate Grid for Sample Problem 1, a = 0.5
FREQUENCY RANGE = 10 TO 1000 CPS
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TABULATION OF SHOCK FUNCTION FOR SAMPLE PROBLEM 1

FOUNDATION ACCELERATION

SHOCK SPECTRUM PROGRAM

APPLIED MATH LAB OTMFB

FOUNDATION ACCELERATION VS TIME(INPUT)

TIME IN SECONDS

O 0.

7+494259298 0000.29996
14,808627389 0.000360000
22.156042709 0000089996
29.291196346 04000119999
36.272578239 0.700145998
43,0085%520267 0000179999
49,715232849 0000209993
564147649785 0000239998
623694383907 00700269994
68.368116286 0000299998
T4.131931308 0000329994
79.650019648 0000359997
04.912377387 0.200389993
89.90588006138 0+000419997
94,634310722 0000449993
$9.078365328 0000479996
103.2356643068 0.,000510000
107.,100768089 04000539996
110669174194 0000569999
113937322617 0.000599995
116.,902892659 0.000626999
119.,563299179 0.300659998
121910684959 0.000689998
123.968916093 0000719994
125,715063098 0.,000749998
127.159080505 0003779994
1208.303€02490 0¢3008¢ 9997
129.152914047 0200839993
129,710926056 0.,200869997
129.9031352390 0.,00089999)
129.97568130% 0300929996
129,693352554 04500960000
129.149709702 0,00098999¢
128.346902986 0001019999
127.296045303 0001049998
126006376266 0. 01276999
1264.,488022804 0,301109998
122.751%62119 0701139998
120.808059892 0001169994
118.6690208202 0,001199998
1164346379280 04001229994
113,852384867 000012359997
111.199636459 0001289994
100400992393 0.,:01319997
105.,469536781 0001349993
102.418532372 0001379997
99261381149 0.001409993
96.011573791 0..01439996
92.6082648859 0001470000
89.2801412%51 04001499996
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PRINTOUT OF FIRST AND SECOND FORWARD DIFFERENCE FOR SAMPLE PROBLEM 1

t St g sanocrs 82
n

1 7.4042593 -0.1028912
2 7.3913681 -c.1028912
3 7.2712153 -0.1201528
. 7.1343536 ~C.1368617
s 6.9813819 -0.1529717
6 6.8129420 -0.1684399
7 66297126 =Ge108032294
] 6.4324169 -0.1972957
° 6.2218081 -0.2106128
10 5.9986644 -C0e2231398
1 507638130 -0.2348514
12 5.5180803 -0.2457247
13 5.2623877 -0.2557306
14 4.9975033 -0.2648544
15 407244301 -C.27C732
16 4.4440846 -3.2003755
17 4.1572990 -0.2867556
18 3.8651037 ~0.2921983
19 3.5684061 -0,296697¢
20 3.2681404 -043002577
21 2.9652700 -0.3028784
22 2.6607065 -0,3045635
23 2.3553854 -0+3083207
24 2,0502319 -0.3051538
2s le7a61462 ~0+3040857
26 1e44401708 -0.3021288
27 11447220 -0,2992954
28 0.8491116 -0.2056104
29 0.5580120 ~0+2910995
30 0.2722263 -C.2887857
n -0.0074741 -0,2796974
32 -0.2803208 -0,2728577
3 -0.5456429 -0+2653141
34 -0.8027267 -0.2570039
s -1.0509377 -2,2482109
36 -1.2896690 -0.2387314
ar -1.5183838 -002286844
38 ~16 7364607 -3e2181072
39 -1.96435024 -0,2070417
a0 ~2.1390314 -0,1955290
a1 -20 3226490 -5+1836176
a2 244939947 -0 1713457
a3 -2.6827481 ~0,1887534
as -2.7986441 ~0.1488960
as ~2.9314556 -041328115
. -3.0510004 ~0.1195488
a7 -3.1871812 -0,1061488
e ~3.2498074 -040926561
a9 -3, 3289251 -0.0791178
80 -3.3945074 -0,0655823
81 «3.4865918 =040820840
52 -3.4852648 -0¢0386734
83 =3+5106516 -0.0253868
se -3.5229206 -1,0122690
ss -3.5222807 040006399
se -3,5089779 0.0133020
57 -3.4832954 0.025682¢
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SAMPLE PROBLEM 1

SHORT Fﬂy
OANMPING COEFFICIENT=O,

PREQUENCY (CYCLES/SEC,) MAX RESPONSE X ONEGA WAX RESID RESPONSE X OMEGA
10.00000 042073928 0.2075928
20.00000 0.21388%¢ 0.2138396
30.00000 0.234327) 0.2155448
40.80000 0.2502400 0.2291704
$0.00000 0+2570506 0.2518086

0.2953460 0.2703298

0.3229082 0.3027362

80.00000 0.3642787 03592884
90.00000 044029438 004029435
100+00000 0.3924811 043924702
110.00000 0.3284382 043231374
120.,00000 0.2562569 0.2271017
130,00000 0.2091900 Cel407623
140.00000 0.1790678 041048990
150.,00000 0.1043858 0.0749400
160000000 0.1612758 0.0509474
170.00000 01501949 0s0022687
180,00000 0.1551950 0.0407670
0.1519937 0.0832611

0.1400608 040820501

210400000 0.1457131 0.0032112
220.00000 001425598 0.,0739499
23000000 01396123 0.0802626
0.1534881 041049084

0.1718474 0.1234198

260400000 0.1638054 00146159
270,00000 041961738 041739982
200.00000 042170798 042043399
0.230162) 042303319

0.2435210 O.2022108

0.2355200 002340409

320.00000 0.2170148 042097889
33000000 0.1994641 041808549
340400000 0.1809002 0.1859075
380.00000 0.1691856¢ 041383168
36000000 041576531 001173742
370.00000 0.1485097 01033806
0.1330372 0.0926100

0e1263907 040829031

0.1202743 040740132

0.1140373 0.0684170

420.00000 0.1077678 (. 0027987
430.00000 0.1018282 0.057392)
0.09337¢6 000832774

0.0893573 040498002

0.0835084 0.0461200

470.00000 0.0706326 040430616
40000000 0.0768374 0:0407808
490.00000 0.0750938 0.030217)
® 0.0734003 0,035799¢
0.0717536 ¢. 0340908

$20.00000 040701580 v. 6323618
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$30.00000
$40.00000
$350.00000
$60.00000
$70.00000
580.00000
$90.00000
800.00000
610.00000
620.00000
630.00000
640.,00000
050.,00000
660,00000
670.00000
680.00000
690.00000
700.00000
710.00000
720.00000
730.,00000
740.00000
790.00000
760.00000
770.00000
780.00000
790.00000
000.00000
010.00000
820.00000
030.00600
840.00000
8%0.00000
860.00000
870.00000
200.00000
090.,00000
900.00000
91000000
920.00000
930.,00000
940.00000
950.00000
980.,00000
970.00000
900.00000
990.00000
1000.00000

.

0.00086067
0.0671016
0.0636381
0.00642174
0.0620369
0.0614966
0.060192%
0.0589277
0.0576980
0.056%023
0.0553399
0.0542099
0.03831118
0.0520436
0.05100%52
0.0499952
0.0490126
0.0480562
0.0471248
0.0462192
0.0483384
0.0444790
00083064368
0.0428304
0.0420361
0.,0432633
0.04051148
00397796
0.0390637
0.0383680
0.0376808
0.03702%6
0.03630808
00387503
00331346
0.0343360
903393510
00333794
0.0328210
0.0322770
0.0317460
0031 2271

0.0292078
0.028008)
0.,020333)
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0.0308324
000290216
040278279
000263308
0.0250788
00242022
00230923
0.02190662
0.0212421
0.0204336
0e0194742
0.01889%02
0.0182437
Ce017443)
00167792
040163568
0.0157489
00151047
0.0147316
Q.0142986
0.0137106
00133310
0.0130288
00125333
0.0121018
00119004
00115238
00111103
000108932
00106308
000102009
00100080
040090240
040094932
0.0092286
0.0090092
000080363
0.0085308
0.0084178
0.0082439
0.0079600
00078118
0.0076970
0.0074609
00072720
040071002
0.0070000
00008009



SAMPLE PROBLEM 1

SHORY FORNM

DANPING COEFFIGCIENT=0.09999999

FREQUENCY(CYCLES/SEC. ) MAX RESPONSE X ONMEGA MAX RESIO RESPONSE X OMNEGA
L 0.17782706
01780888
0.200187¢
0.,2189432
80.00000 0.2272349
02247007
0.2235191
0.2313129
002230210
0.2088132
0.1858178
0.1664997
130.00000 Ge.l479188
140.00000 0«1440784 .
041422331
160.,00000 01396128
170.00000 0+1369228
100.00000 001342103
190.00000 01314370
200,00000 0.1280987
210.00000 01239270
220 . 01231618
230.00000 91203831
260.,00000 0.11768384
01149960
0.1123324
001090743
001100744
0+1118363
G.11001087
310.00000 0.1003103
01047713
9.1002821
00940908
0.09000882
360.00000 0.008%082
I70.00000 0.0864970
300.00000 0:.0844003
390.00000 0.0028163
400.00000 0.0000307
410.00000 00707886
420.00000 0.0769749
43000000 0.07821601
440.00000 0.0738363
450.00000 S.0710778
460.00000 0.0702892
470.,00000 0.00087198
4800.80000
496.00000
500.00000 0.0042948
$10.,00000 0.00200¢2
620.00000 00018877
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$30.00000
540.00000
$80.00000
560000000
$70.00000
$80.00000
$90.00000
600.00000
610.00000
620.00000
630.00000
640.00000
6350400000
660.00000
670.00000
680000000
690.00000
700.00000
710.00000
720.00000
730.00000
740.00000
750.00000
760.00000
770.00000
780.00000
790.006000
800.00000
810.00000
820,00000
830.00000
840.00000
850.00000
860.00C000
870.00000
980.80000
890.00000
200.00000
910.00000
920.00000
930.00C00
940.00000
980.00000
260.00000
$70.00000
980.00000
990.00000
1000.00000
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0.0002273
0.0809708
0.0877126
0.0863202
0.0553420
0.0542143
0.08310%0
040520244
00509898
00499450
0.0489834
040480091
0.0470742
00461730
0.0452027
00444191
0.0435003
0.0427374
0041963)
0.0411892
0.0404089
00396937
0.03089812
0.0382637
00378924
00369378
0.0362804
040386378
0.0350391
0:.0304396
00338393
040332677
0.0327227
0.0321773
0.0346322
0.0311128
0.0306108
0403012408
0.0296318
0.0291500
0.0207008
000202383
Q.0270112
0.0273684
0.0269470
0.02034386
0.0201468
0.0257409



SAMPLE PROBLEM 1
SHORTY FORN

OANPING COEFFICIENTY=0,50000000

PREQUENCY{(CYCLES/SEC,.) MAX RESPONSE X OMEGA MAX RESIDO RESPONSE X ONEGA
10.00000 0.6980034
20.,00000 0.1763738
30.00000 01379774
40.00000 0.1733S686
$0,00000 017410838
60.00000 0.1608198
70.00000 01449970
20.00000 0.1206380
90.00000 0.1357320

01081648

P.0072676

0.0983294
130.00000 0.0974357
140.00000 0.0988716
180.00000 0.09404006
160.00000 0.,0919184
170.00000 0.0898399
100.00000 0+.08773812
190.00000 0.0880670
200.00000 0.083630%
210.00000 0:.0016240
220.00000 0.0797440
23000000 0.0778310
240.00000 0.0760848
280.00000 0.0743176
260.00000 0.0726249
270.00000 0.0709796
200.00000 0.,0693832
290,00000 0.0678387
300.00000 0.0663363
310.00000 0.008000832
320.00000 0.0634738
330.00000 0.0621083
340.00000 0.0807742
350.00000 0.0594771
300.00000 0.05820832
270.00000 0.0871080
300.00000 0.0559890

0.0548089)

0.0538078
410.00000 00327769
420.00000 0.0317848

0.0807732

0.04981048
430.00000 0.0408764
460.00000 0,0479060
470.00000 0.04700820

0.0002190
490.00000 0.0453841)
§00.00000 0.0448810
$10.00000 0.0037786
820.00000 0.0429922
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$30.00000
540000000
$50,00000
56000000
570.006000
$80.00000
590.00000
600.00000
610.00000
620.00000
630400000
640.00000
650,00000
660.00000
670.00000
680.00000
690.00000
700.00000
710.00000
720.00000
730.00000
740.00000
750.00000
760.00000
770.00000
780.,00000
790.00000
800.00000
010.00000
820.00000
030.00000
040.00000
950.00000
060.00000
870.00000
2880.00000
890.00000
900.00000
910.00000
920.00000
930.00000
940.,00000
950.00000
980.00000
970.00000
980.00000
990.00000
1000.00000
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0.0422400
0.0415147
00407960
000401094
0.0394272
0.0387682
0.0301315
0.0375004
0-03«.“2
0.0363021
040357199
0.0351486
0.0348006
0.0340700
0+0335417
0.0330308
0.0325383
0,0320529
0.0315734
0.0311007
0.,0306828
000302233
0402979038
0:02936483
0.0289368
9.0209598
0.0281691
0.0277048
0.,0274071
0.0270399
0.0266072
0.0263408
0.0289990
0.0256081
0.0253364
0.0250138
0+0247048
040264022
0.0241084
0,0238140
0.,0233200
0.0232478
0.0220723
0.0227028
00220402
0.0221002
0.0219369
0.0210923



SAMPLE PROBLEM 1
LONG PORM

ODAMPING COEFFICIENT=0.

FAEQICYCLES/SEC) MAX RESPONSE X OMEGA MIN RESPONSE X OMEGA MAX RESID RESP X OMEGA
10.00000 0+0000029 «002065533 0+2075928
20000000 0+1116289 ~0.2051239 0.213559¢
30.00000 0.2187229 -Q0e2343271 0.2155448
40.00000 0.22508621 -0.2502408 0.2291706
50.00000 0.2501398 ~0.2870806 0231308
60.00000 0+2933460 -02689953 0.2703298
70.00000 0.3222017 -0.32290%82 0.3027342
80.00000 003642787 -0.3611291 0.3592834
90.,00000 043901918 ~0.3990324 0:4029438
10000000 0.3924811 ~0e3852212 0.3924702
110.00000 0032543082 -0+3232008 0.323137
120.00000 002525802 ~0.2562569 0e2271617
130.00000 0.2091988 ~0,2025897 0.148762S
140.00000 01790678 -0s1676216 01048990
150.00000 0s 1670611 ~0.1643858 0.0749400
160.0000C 041139742 -0e1612788S 040509474
170.,00000 0.0813069 ~0.1581949 0.0422647
180.00000 0.0587927 -0.15510%0 0.0407670
190.00000 0.08929¢8 ~0.1519937 00432611
200.00000 0.0645984 -0.1488808 0.05208%01
210.00000 0.08120018 ~041457131 0.06321t2
220.00000 01074940 -0.1423598 0.0739499
230.00000 0.1319333 -0+1394123 0.0882626
240.00000 0.153485] -0.1362791 041049086
250.00000 Qel715474 ~0.1377802 0.1234198
260.00000 0.1858054 -0.1685959 041461594
270400000 041961758 -0,1961367 0.1739982
200.00000 0.2135826 -0.2170798 002043399
290.00000 0e2341621 ~0.2336592 042303319
300.N10000 0.2035210 ~0.2433512 0.24221060
310.00000 0.2350194 =C+2355280 0:2340409
320.00000 0.2170148 -02169204 0.20975%9
330.00000 01949258 =0+19946841 0.1800549
340.00000 0.1809882 -0.178167S 0.1559078
350.00000 0.1691856 -0.1548310 0.1353160
360,00000 041576531 =0+1431226 0.1173742
370.00000 014535097 ~0.1379343 0010335086
380.00000 01330372 -0.1323198 G.0926164
390.00000 0.120478¢ -0.1263987 0,0029031
400,00000 0.1080442 ~0.1202743 0.0746132
410.00000 00939097 =0¢114037) 0.0684170
420.00000 00842173 -0.1077678 0.0027987
430.00000 6.0730873 -0.1018282 0.0573923
440.00000 0.0026136 «0.0983766 040832776
480.00000 00616163 =0+0893573 0+0498082
460.00000 0.0604020 =-0.0835054 0.0461200
470,00000 0.0582328 =0.,0788324 00430616
480.00000 0.0853163 =-0.0760374 0.0407300
490.00000 00518079 =~0.0750938 0.0382173
800.00000 0.031844% -0.0734003 0.635799,
810.00000 0.0516743 -0.,0717856 0.0340908
820.00000 0.0511100 -0.0701%80 0.0323618
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$30.00000
540.00000
$80.00000
$60.00000
$70.00000
500.00000
$90.00000
600.00000
610.00000
620.,00000
630.00000
640.00000
650.00000
660.00000
670.00000
680.00000
690.00000
700.00000
710.,00000
720.00000
730.00000
740.00000
750.00000
760.00000
770.00000
780.00000
790.00000
800.00000
810.00000
820.00000
830.00000
840.00000
030.00000
860.00000
870.00000
880.00000
890.00000
900.00000
910.00000
92000000
930.00000
940.00000
950.00000
960.00000
970.00000
9080.00000
990.00000
1000.00000

0.0501319
0.04087503
0.0469985
0.0849161
0.0425562
0.0399636
0.0371982
0.0343024
0.0313290
0.0292234
0.0282349
0.0287046
0.0290982
0.0293745
0.0295037
0.0294687
0.0292600
0.0288793
0.02083288
0.0276182
0.0267598
0.0257684
0.0246569
0+0234453
0.0221469
0.,0207001
0.0193588
0.0196544
0.0199283
0,0201358
040202630
'0.0203082
0,0202632
0.0201299
0.0199086
0.0195968
0.0192060
0.010873683
0.01819%0
0.01 75888
0.01691089
0.0161973
0.0154303
0.0148083
0.0130021
0.0151531
0.015:592
0.0153184
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=0.0686067
=0.0671016
-0.0686381
«~0.0642174
=0.0620369
=0.0614966
-0.0601925
-0.0589277
~0.0378980
~0.056502)
=0.08583309
=0.0542099
=0.0531115
«0.0520430
-0.0510082
=0+04999%82
=-0.0490126
~0.04080s862
=0.04712408
-0.0482192
=-0.0453384
=0.0484795
-0.0436438
=0.0428304
=0.0420361
=0.041265)
=0.040S8114
-0.0397796
~0.0390637
=0.0383680
=0.03760886
=0.0370256
=0.0363808
=0.0357303
«0.0351348
~0.0348360
=0.0339510
«0:0333794
=0.0328210
=0.0322770
=0.0317460
=~0.031227)
=0.0307201
=0¢0302247
=0.0297408
-0.0292678
=0.0288051
=0.02083833

0.0304328
0.0290216
0.0270279
0.0263300
0.0250788
0.0242022
0.0230928
0.0219602
0.0212421
0,020483¢
0:0194742
0.0188002
0.0102437
0.017443)
0.0167792
9.0163%560
0.01374809
040151047
00147314
0.0142986
0.013710¢
0.0133310
0.0130288
0.0125383
0.012118
0.0119008
0.0118238
0.0111103
0.0108952
0.0106308
0.0102009
0.0100080
0.0098248
0.0094932
00092286
9+0090092
0.008836)
0.00835500
00084178
0.0002439
0.007968¢
0.0070118
0.007897¢
0.00740609
0.0072720
00071502
0.0070088
0.£088009



SAMPLE PROBLEM 1
LONG FORM

DAMPING COEFPFICIENT=0,09999999

FREQ(CYCLES/SEC) MAX RESPONSE X QMEGA MIN RESPONSE X OMEGA MAX RESID RESP X OMEGA
10.00000 0.1390010 -0.1778270
20,00000 0.1304883 -0.170083S
30.00000 041385238 ~0.2061876
40.,00000 0.1403988 =0.2189432
$0.00000 01639449 =-0.2272849
60,00000 0.2009101 =0.2247007
70.00000 0.2235191 =0.2139103
80.00000 0.2313129 =0+198639¢
90.00000 0.2230218 -0.2057401

$100.00000 0.2088132 =0.1939238
110.00000 0.1086170 ~0es1717686
120.00000 0.1664997 -0.1504829
130.00000 0.1679188 -0.1474850
140.00000 0.1287061 -0.1440784
180.00000 0.1086083 ~0014223)
160.00000 0080833087 =-0.13906128
170.00000 0.00934]2 -0.1369228
180.00000 0.0843430 =0+1302103
190.00000 00478772 =-0+1314370
200.00000 0.0513437 -0.12006957
210.00000 0.0603028 -~0.12359278
220.00000 0.0708200 -0.1231018
230.00000 0:.0031709 -0.120380
240.00000 0.0904091 =-0,1176854
280.00000 $:.0982499 =0.1149960
200.,00000 0+104 3040 ~0e1123324
270.00000 0.108302¢ =061096743
200.00000 0,1108744 =0.,1071605
290,00000 0.111830) =0+1046330
300.00000 0.1108187 «0+1021493
310.00000 0.1083103 ~0.0997299
320.00000 0.104771) =0.0973778
330.00000 6.1002521 =0.0930990
340.00000 0:0948908 -0.09203580
380.00000 0.0080937 -0.09060852
360.00000 0.0024338 -0.08035632
370.00000 0.0757169 «0.0064970
300000000 0.0008C93 =0.00484003
390.00000 0.00618631 -0.082816)
400.00000 0.0880028 -0.,0806307
410.00000 0.0083078 -0.,0707836
420.00000 0.040108300 =0.0769749
430.00000 0.0387064 -0.0782161
440,00000 0.0331987 =-0.,0738363
480,00000 0.0313331 -0.0718776
460.00000 0.0295201 =0.0702392
470.00000 0.0270978 -0.0607198
400.00000 0.0238992 =0.06710840
490.00000 0.0241330 «-0.0657237
$00.00000 0.02342141 =0+0642948
$10.00000 0:0240307 -0.0628962
820,00000 $.0242030 =0.,00618377
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$30.00000
$40.00000
850.00000
560.00000
$70.00000
58000000
$90.00000
600.00000
610.00000
620.00060
630.00000
640.00000
630.00000
660.00000
670.00000
680.00000
690.00000
700.00000
710.00000
720.00000
730.00000
740.00000
760.00000
760.00000
770.00000
780.00000
790.00000
000.00000
810.00000
820.000¢0
030.00000
040.00000
030.00000
080.00000
870.00000
880.00000
890.00000
900.00000
910.00000
920.00000
930.00000
940.,00000
950.00000
960.00000
970.00000
900.00000
990.00000
1000.00000

0.0241390
0.0237899
0.0231088
0.0222480
0.0212228
0+0200668
0.01088222
0.01735412
0.0162681
0.0150880
0.0141939
0.0141670
0:.0144499
0:.0147097
0.G148899
0.014979)
0.0149733
0.0148732
0.01460850
0.0144170
0.0140831
00136934
0.0132612
0.0127988
0.0123327
0.0118840
0.0115032
0.,0112610¢
Ce0l11868
0.0111066
0.0111908
0.0111999
0.0111684
0.0111098
0.0110167
0:.0100948
0.0107486
0.0103603
0,0103738
0.0101626
00099404
0.0097367
0.0093426
0.0093017
$.0092871
0,0091920
0:0091424
0:.0090997
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«0.0602273
=0.0800708
«0.087712¢
=-0.0865262
=00853420
=0.0342143
«040531080
=0:0820244
=0.030989S
=0:0499430
~0.0489034
=0.0400091
-0.0470742
«0.0061730
-0,0452627
=0.0444191
=0.04380803
=0.0427374
=0.041968)
-0.04110802
=0.0404089
«0.0396987
=-0.03090)2
=-0.0382637
-0.0375924
-0.0369378
~0.0362804
=000336378
~040350391
-0e0344398
=0.0338393
-0.0332077
«-0.0327227
-0,0321773
=0.0316322
-0.0311124
=0.0306104
-0.0301248
=0.0296318
=0.0291800
=0.0207000
-0 0292388
~0.0278112
=0.0273684
~0:0269470
=0.0268486
«0.0201468
=0.0257489



SAMPLE PROBLEM 1
LONG FORM

DANMPING COEFFICIENT=20.50000000

PREQ(CYCLES/SEC) MAX RESPONSE X ONMEGA MIN RESPONSE X OMEGA MAX RESIO RESP X OMEGA
10.00000 0+6930034 ~0.1857206
2000000 0.0173728 -0.1763736
30.00000 0.0216063 =0:1379774
40.,00000 00262291 -0+1739886
$0.00000 00320474 =0.1741084
60.00000 0.0816470 =-0.1600198
70.00000 0+.0609969 =0:1449970
00,00000 0.0734746 -0+1296580
90.00000 0.07406933 =0.1157120
100.00000 0.0701089 =0.1051648
110.00000 0.08307%9¢ -0.0972876
12000000 0.0598804 =0.0983294
130.00000 0.,0549674 =0.0974387
140.00000 00513548 =0.,093871608
150,00000 0.0890710 -0.0940406
160.00000 00478230 -0.0919184
170.00000 0.00818382 =0.0890399
100.00000 0.0047772 «=0,087738)
190.00000 040438200 =0.0886670

200.,00000 000824418 ~0.00836308
] 0.0414781 =0.00816240
220.00000 0.00006378 «~0,0797440
230.00000 0.0398612 -0.0778310
240.00000 0.0391260 ~0.0760848
0+03040868 «0.0743178

0.0376797 -0.07208249

0.0369338 =0+0709796

200.00000 0.030187 -0+06930832
290.00000 0.0353439 ~0.0678357
0.0348192 =0.0663303

310.00000 0.0336319 -0:0640832
320.00000 00327704 =-0.0634738
330.00000 0.031883) -0.,0821083
0.0309902 =0.0607742

0.0301209 =0.0894771

300.00000 0.0292603 -0.0382032
370.00000 0.0204088 -0,0871080
380.00000 0.0273690 =0.05359090
390.00000 0.0267836 =0.0840091
400.00000 0.023%019 =0.0530074
410.00000 0,0281948 =-0.0827769
420,00000 0.0284081) -0.0517848
430.00000 0.0237394 «0.0807732
040230831 «0+04981048

0.0224402 -0.0488760

0.0218319 «~0.0479668

470.00000 0.021234) 0470820
0.0207003 =0:0462190

0,0201738 «0.048384)

00196788 -~0:0448810

Q.0191978 =0.0437780

$20.80000 0.0187434 =0.0429022
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530.00000
$40.00000
$80.00000
$60.00000
$70.00000
$80.00000
$90.00000
600.00000
610.00000
620.00000
630.00000
640.00000
€80.00000
660.00000
€70.00000
680.00000
€90.00000
700.00000
710.00000
720.00000
730.00000
74000000
750.00000
760.00000
770.00000
780.00000
790.00000
900.00000
810.00000
820400000
830.00000
840.00000
830.00000

870.00000

940.00000
980.00000
960.00000
270.00000
900.00000
990.00000
1000.00000

0.0183129
0.0178993
0.0175021
0.%171278
0.0167681
0.6164223
0.0160897
0.0187717
0.0154089
0.c151769
000148983
0.¢146237
040143615
00141109
0.0138701
0.C136372
0.0134119
0:0131939
00129027
0.Cl27782
0.0125801
000123908
0.012206%
0.0120279
0.0118504
0.0116859
0.0118221
0.0113629
0.0112080
040110873
0.0109106
0.0107600
0.0106312
000104971
0.0103664
0.0102308
0.0101148
0.0099931
0,0098746

0.0096460
0000983356
0+0094277
0.0003223
0.0092192
0.0091104
0.0090208
00009249

PROGRAN RAN 7O COMPLETION
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=0.0022488
=040818147
=0.0407960
-0.,04n1098
=0.0394272
-0.03870682
-0:+0381 18
=0.03735004
=-0.03608902
-0.0363021
«0.0357199
=0.0351486
-0.0346066
=0.0340708
=0.033%017
=0,0330308
=0.032538)
-0.0320828
-0.031573¢
=0.0311087
-0.0306620
=0.030223)
«0+029790%
«0,0293043
-0.02093568
-0.02033898
«0.020169}
=0.02770848
-0.0274071
=0.0270399
=0.0206872
=0.,0203408
=0.0289998
«0.0286681
-0.0283304
-0.0280138
=0.0247048
=0+0204022

=0.0233280
=0.0232478
=0.0229723
-0.0227028




APPENDIX B

SAMPLE PROBLEM 2

Arrangement of Input Data
and
All the Various Forms of Output
That Can Be Generated
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SAMPLE PROBLEM 2

The following example has a set of values for the foundation velocity Z as the input
shock function; and the two following statements are inserted in the program to calibrate the
2's.

( 75 Z(1) = (Z(1) + 50 }*.013959 \

a DO751=1,N _ \

! |
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GCO66EE COCEOOGEBEEE0EEEEE00CCCECEECEEECEEECEEEOCEBEEEECCE0EEC0CCO0CEEE0000EEENSS
1NN NI NI I NI nNNIIIINnIInnInIINMmInNINN
DOODDOBOUBEN .8 DOBOORORUOBUNODORBOBINERANNIRNBRRRIORRRANDERODRNLNSINEANIND00S0S

!!99!9! 3999 99!!’!!!!!!!9!!!!!!!9!!!!!!!!!!!9l!!l!llll’!'!!!ll!!'l'!l!!!!!ll!fiJ/

)
k t2348 .("a“'r‘;’”u“ REUBNRNDANNARTARNNRRNNARNANSHQOUARUVBHINHRIHANNUNNRNROMBRINBRANTDINANT NN
uel

The data Z for this problem was furnished by George O’Hara of the Naval Research Laboratory.
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(

( END @F FILE (SYSTEM CARD)
( SRESTORE (SYSTEM CARD)
/” 31BSYS (SYSTEM CARD)
( END OF FILE (SYSTEM CARD)

(BLANK CARD)
( 10. 1000, 10. (FREQUENCY CARD)
( 0, 150, 1. (FREQUENCY CARD)

ALPHA(1) =0, .1, NALPHA =28

(4 TH NAMELIST)

/~ $ZAZA3 IP1=0,1P2=0,IP3 =1, IP4=1, IP5 =13 {3RD NAMELIST)
f SZAZA2 T =0, TZERO =.145, H = ,12464165E — 03, X0 =0, N = 1164, XDOT 0=0, IS2=08  (2ND NAMELIST)
( 0072, -00S7 —0057, -—00508

( -0050, —0045, 0050, ~0050, -0038,

[ SZAZAl 2= (1ST NAMELIST)
( SDATA (SYSTEM CARD)

s S T s S

000,00000000000000008000000000000000000000000020000000C000008000000000000000000000
P21 05010 0NNNONARINARANNNENNRNBHUNNNRNNNROQOUABIRRINRUNBAINNRNTOHBRENNRAIDINAN T ARN
(AR N R R R AR R AR R AR R R R R R RN R R R R R R R R R R R R R R R R R R AR R R AR R AR R R R RN ERRRR AN
2222222222222222222222222222222222222222222222222222222222222222222222222222812
I3 1NININININININININIININNININNINIINNIINIINIINNIININIINNINIMINIIMNMNBIINNIINIINN
G000 000004084444 0004 0000000000440 0000000 000 00001000000 00NN
§555555559555555555555555555555555559555595555555555555555555955559555559855558588%
BEEGGEEEEEECCEEEE6EECEGEEE0ECE6CECCECECEEEEEEEOCCEEEECECCEEECEEEEEECEEEEEEEEEEEES
MmN

JOCBBRBO0RRRRARRRRNRRORBRERBRRBRRERRBRORBBRNNORRBRBRIRENNORRRNRANIROANIIRNANNYS

99999909999 99999999999999999999999999999999999989999999998999999999999999991981899
\‘-1)ascé&%ﬁrvunnu"unnnnunnnnnnnnnnnnuu'nn«uuuuununu»uuuuunu»uunuuuuuunlnnnnnnnnutJ)
" .‘_

Figure 7 — Arrangement of Input Data for Sample Problem 2
NOTE: All the data cards for the first NAMELIST are not shown,
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C

CroconasceaayRITE AND PLOT INPUT DATA

PROGRAM LISTING FOR SAMPLE PROBLEM 2

06/10/66
SNERO - EFN SOURCE STATEMENT -~ [IFN(S) =~

DIMENSION 2(2000)T(2000),5(2000).S2ND(2000) + XOMEGA(2000)+X(2000),
1X00T(2000) s ALPHA(2S5),+,0SCIL(1000) +VEL(1000).RESID(1000)
EQUIVALENCE (RESIDeX(1))s(VELX(1001))
NAMELIST/2ZAZAL/2/72ZA2ZA2/T,T2ERQ, He XOeNy
I1X00TOe ISZ/ZAZAI/IPLIP2:1PIIPAJIPS/ZAZAG/ALPHA ¢NALPHA
WRITE(6.900)
Pls3.1415927
READ(S.ZAZAL)
READ(S,ZAZA2)
READ(S.2AZAY)
READ(S.ZAZAL)
IF(1P3)50,51,50
80 IP1=0
1P2=0
81 CONTINUE
DC 73 Is=1,N
78 2(1)=(2(1)¢50.,)2.013959

00 100 1I=2,N
100 T(1)sT(l-1)eH
IPCISZ)104,105,104
104 WRITE(6,901)
GO0 YO 106
108 WRITE(6,902)
106 CONTINVE
WRITE(6:903) (Z2(1)eT(I)el=leN)
ZNINS2(Y)
ZNAX=Z(1)
00 110 I=2,N
IF(ZMAX=-2(2))100,109,109
100 Z2MaAX=2(1)
60 TO 110
109 IF(ZNIN=-Z(1))130,130,207
107 ZNIN=2(I)
110 CONTINUE
CALL CAMRAV(3S)
INSN
OXsMOZN/10.
OVYS(ZMAX~ZMIN)/130.
CALL GRIDIVI1:T(1)eTIN)eZMINeZMAXsDXsDYelslolel 06+6)
CALL APLOTVINSTeZe80l01¢42/41ERR)
SF(IERR)118+316,118
118 WRITE(6.904) IERR
116 CONTINVE
ANSN-]
00 120 I=i.NN
CALL LINEVINXVITCE) ) oNYVIZ(R))oNXVIT(I®L1))eNYV(Z(IH1)))
120 CONTINUE
CALL PRINTV(=1S.1SHTIME IN SECONDS+452.6)
1FLI82)121,122,121
183 CALL APRNTV(0,-10:~23:23HPOUNDATION ACCELERATION:4,096)
GO TO 123
128 CALL APRNTV{O0es=14¢=19¢ 19HFOUNDATION VELOCITY :4,0064)
183 CONTINUE
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued)

06710766
SNERD - EFN SOURCE STATEMENT - [FN(S) -

[ 4
CemeemeceacCOMPYTE S(N) AND SZND(N) FOR EACH TIME,T==eceee=
S(1)=2(2)-2(1)
S2ND(1)=2(3)=-2.,%2(2)+2())
KeN=]
00 200 132,k
S{1)=2(1¢1)=-2(1)
200 S2NO(1)=2(1+41)-2.%2(1)02(1~-})
WRITE(6:917) (1+5(1):sS2ND(1),1I=14N)
4
190 READ(S.920) FREQ1.FREQ2.DELTAF
IF(ABS(FREQ1-FREQ2)~.1E~-20) 801,801,191
191 CONTINUE
IFC(1PI)192,195,192
192 TEMP=FREQ2-FREQ1
IF(AMOD(TEMP DELTAF)=DELTAF/2:)193,194,194
193 NOFREQ=TEMP/DEL TAF
GO TO 198
194 NOPREQ=TEMP/DELTAF+1.0001
198 CONTINVE
Come=a=DAMPED OR UNDAMPED,IF UNDAMPED FIND NUMBER OF RESIODUAL: POINTS-c=cccna=
00 800 IX=3) NALPHA .
NIN=)
INI=0
FREQs=FREQ] e
IECABSIALPHA(IX) )= 1E-09)201,201,202
201 IALPHA=]
G0 T0 222
202 1ALPHAS2
222 GO TO (203,207), IALPHA
203 TT=T2ERO-T(1)
IFPCAMOD(TT H)=H/2:)205+,204,204
204 XHETT/H¢1,000001
GO TO 207
208 XHN=TT/H+.000001
207 CONTINUVE
(4
ConcncaaeecCOMPYTE CONSTANTS=meccae
OMEGA=FREQ®2,%P
RACCALESORT(1.=ALPHA(IX)®82)
OMHSOMEGA®N
PROMEGASKADCAL
EXSEXP(=ALPHA( IX)®0H)
COSPH=COS(PANH)
SINPHaS IN(PEN)
AZ20HB2, SALPHA( IX)/70H
RECOH=1.+70MH
ALPHA2= ALPHA{ IX )82
XIS Le=28ALPHA2
FACTISEX®SINPH/RADCAL
FACT2sEXSCOSPHeFACT 1 8ALPHALIX)
IF{ABS(FREQ)-.1E-20)220,220,221
220 IFREQ=]
GO TO 223
221 IFREQs?
223 1PC1S2)300,200,300
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208
209
<

PROGRAM LISTING FOR SAMPLE PRO3LEM 2 (Continued)

06710766
SNERD - EFN SOURCE STATEMENT - IFN(S) =~
GO TO (400,209),1FREQ
CONT INUE

Coecea==COMPUTEXOMEGA(N)+XDOT FOR VELOCITY INPUT-=vecccccc=a

226

211

212

213

214

218
(<

FACT3ISRECOM®(1,=-FACT2)

FACTASRECON® (¢ S=2.*ALPHA(IX)SRECOHCEXE ((«S5+2, ®*ALPHA(IX) SRECON)
18COSPH=(X12%RECOH=ALPHA(1X)/24.) #SINPH/RADCAL))
FACTS2EXRCOSPH-ALPHA(IX)®FACT1

FACT6SRECOMESFACT]

FACT?S(RECOH®#2 )8 (1 +-EX®{COSPH® (ALPHA(IX)e¢ON/2.)*SINPH/RADCAL))
GO TO(224+,225)NIN

XOMEGA(1)=0MEGA®*X0

X00T(1)=XD0TO

D0 210 I=2.K

XOMEGA( I ) XOMEGA( I=1)#FACT24XD0T(1=1)8FACTL=-S(1-1)8FACTI-S2ND(1-1)
18FACTS

X0OT (1 )s=XOMEGA(I-1)8FACTI+XOOT(I=-1)8FACTS~S(I-1)8FACTE-S2ND(I~1)"*
1FACTY?

GO TO 756

CONT INUVE

KRO=KMX +KOOK

KRABKMN¢K ICK

00 235 1=2,%

VAsl=]

TASYAS 28

COSPT=COS(PATA)

SINPTaSIN(PETA)

EXTSEXP(=ALPHA( IX)SOMEGARTA)

FACTRISEXT® (COSPTHALPHA(IX)#SINPT/RADCAL)
FACTR2=EXT#SINPT/RADCAL

FACTR3I=(1.=FACTR]1)®RECON
PACTRAS(TA/H=¢S=A20H¢(ALPHA(IX) /72, =X125RECOH) *FACTR2¢(+S+A20H)
1 SEXTO®COSPT ) *RECOH

XMAXO =XOMEGA(KRO)®*FACTRI*XDOT(KRO)®FACTR2=-S(KRO) SFACTRY
1=SENO(KRO ) *FACTRS

TP {XMAX=XMAXO 1229+,230,230

XMAX=XMAXO

XMINO " =XOMEGA(KRA)SFACTRI*XDOTI(KRA)ISFACTR2-S(KRA)EFACTR3
1=S2NO(KRA)*FACTRS

IF{XMIN=XMINO 1235.,23%5,232

XMIN=XMINO

CONT INVE

NINs}

IF(1P1)500,212,500

1F(1P2)550,213,850

IFLIP3)G00.214,600

IFCIPA)6S0+218+650

IF(1PS) 700,708,700

ComeacaCOMPUTE XOMEGA(N)e: XDOT(N)e¢ FOR ACCELRATION INPUTeccccces

CONT INVE

GO TO(35043098), IFREQ

CONT INVE

ECOS1=).-EXRCOSPH

OFACT3I=(] «~FACT2)/70MEGA

OFACTA= (1 o =A20HPECOSI-X12FACT1SRECOH) /OMEGA
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[ 4

PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued)

06710766
SNERC - EFN SOURCE STATEMENT =~ [IFN(S) =~

OFACTSZ(=Q o RALPPRA(IX)=(2:%(1e=0.RALPHA2) /OH=2.,*ALPHA(IX) ) ®ECOSL*
TIXLI242.FALPHA(IX)R(3e=Q.RALPHA2)/0H)EFACT]1)I®RECOH/ (20 ®OMEGA)
DFACTO6=( 1+-ECOSL1)=FACTI#ALPHA(IX)
CFACTT?=FACT1/0MEGA
OFACTS8=2(1.-FACT2)8RECOH/OMEGA
DFACTO=(2e=( 1044, #ALPHA(IX)®*RECOH)*ECOS1-(2,*X12*REFCOH-ALPHA(IX))
L18FACTL1)SRECON/ (2. *OMEGA)
GO TOU(308+32%)«NIN
308 XOMEGA(1)=0MEGA®XL
XCOT(1)=xX0070
CO 31C =2,k
XOMEGA{ [ )2XOMEGA{ [~1 )% ACT24XCCT(I-1)8FACTLI~-Z(1=-1)%0F, CT3=S(1-})
I1OCFACTA-S2NCII=)1)erACTS
310 XDOT(1)==XOMEGA(I-1)®FACTL1+XDOT(I~-1)%DFACTE~-2(1=-1)*DFACT?
1 =S{I-1)*DFrACTY-S2ND(I~1)®DFACT9
GC Tu 75%
32% CCNTINUE
KRO=KMX +K(Q0OK
KRAZKMN+K ICK
H2=HER2
D0 335 1=2,8
VA=[-]
TAsVAS, 28K
COSPT=COS(PETA)
SINPTaSIN(PATA)
EXTSEXP(=ALPFA(IX)®OMEGA®TA)
FACTRIZEXT®({COSPT+ALPHA( IX)®SINPT/RADCAL)
FACTR2sSEXT#SINPT/RADCAL
FACTR3I=(1.-FACTR1)/0MEGA
FACTRAS(TA/H=A20HB{ 1 +~EXTRCOSPT)=X124FACTR2#RECOH) 7/OMEGA
FACTRS=(TASR2/H2=TA/H=(2:% (1 o=, 2ALPHA2) *RECOH*#2=-A20MH) ®
1(1e=EXTRCOSPTIF(X129RECOH®2. RALPHA(IX) 8(3,=4,0ALPHA2) *RECONM®®2)
28FACTR2)7( 2. *OMEGA)
XMAXO=XOMEGA(KRO)®FACTRI¢XDOT(KRO)ISFACTR2-2(KRO)*FACTRI
1-S(KRO)SFACTRA-S2NO(KRO)®FACTRS
IP{XMAX=XMAXD 13294330,33)
329 XMAX=XMAXO
330 XMINC=XOMEGA(KRA)SFACTRI*XOOT(KRA)ISFACTR2-Z(KRA)*FACTRI
1=S{KRA)®*FACTRA-SZND(KRA)SFACTRS
IF(XMIN=XMINO 1335.3385,332
332 XMINSXMING
338 CONTINUVE
NiN=]
G0 T0 211

Cecec=cFREQIZZERO FOR FOUNDATION ACCELERATION--—=ccc=-

380 GO TO(352+365)NIN
382 XOMEGA(1)=X0
X00T (1)=x0D0T0
HE=HE82
00 360 I=2.N
XOMEGA( 1 )= XOMEGA( I=2)¢HO*XO0T(I=8)=Z(1=1)0H2/2:-S(1~1)0H2/6.¢
1S2NO( 1=-1)9%KH2/24,
360 X00T(I)==Z(1=1)8H=5([=1)"H/2, +SZND(I~-1)®H/12.
GC TO 756
368 CONTINUVE
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued)

06/10/66
SNEROD - EFN SOURCE STATEMENT - [IFN(S) -~

NiIN=]}
GO 70 211

Coceeae=COMPUTE X+ XDOT FOR OMEGA=ZERQ-----VELOCITY INPUT

400
402

410

428

c

GO TO(4C2.,425)NIN

XOMEGA(1)=X0

X00T(1)=X00TO

DO 410 I=2,N

XOMEGA( 1 )= XOMEGA( I=1)¢XDOT( I=1) #H-S(I=-1)8H8,S+S2ND(1-1)0/12,
X00T(1)aXDOV(I-1)=-S(]=1)

GO TO 756

CONT INUE

NiIN=]

GO To 211

CorovcecanaapPlLOV X VSe T AND X007 VvSe Tecceccececcwcacaa

820
s21
s22
623
s24
s28
s2e
830

s
832

GO TO(509:510).IFREQ
DO 806 I=1.N
XC3)=XOMEGA( L)
GO TOo s18
00 S1S I=1.N
X{I)=XOMEGA( () /70MEGA
XMx=x(1)
XOMX=XDOT( 1)
XMN=X(1)
XOMN=XDOT(1)
00 530 I=2,N
IF(X(L)=XMX )521,521,8520
AMX=X([)
IFIX(I)-XMN )522,523,52)
XMN=X(1)
IFI{X00T(I)=XDMX )525,525.524
XDMX=XDOT( 1)
IF(XDOY (I )=-XDMN )526,530,530
XCMN=XDOT( 1)
CONTINVE
OYm(XMX =XMN )/ZN
CALL GRIDIVILoTIL)oTIN) o XMNe XMXy DXeDY08:808:8:06:6)
CALL APLOTVI(NeTeXslels1:42,1ER)
IE(IER)SIL1532,53)
WRITE(6+913) IER.FREQ
NNEBN=]
D0 S3I8 I=1eNN
CALL LINEVINXVITCI))oNYVIXCID))oNXVITII®L))NYVIX(I®1)))

CONT INVE
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>